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-for =the NIE to sponsor re-tras eat

TES and Project Hindsight some five or ten yea7 t-

44to analyzt use of the NIE output both in tae knowledge base and4

formdlationareas. The NIH, for example, is currently engagedb1,

seMeexaminationt tracing the effects of their past efforts. Thtottlos=

of such studies should be to enhance program effectiveness than

influence resource allocations through justification of past support=.,=

Therefore -- unlike the examples just given -- the studies should4IAD

note instances of failure, particularly in the -,olicy area; fOtt.it*MpIe*

where directions were taken in deliberate contravention to whatMappearedi

to be indicated in NIE-developed information, or where such infottatIbft

was ignored because of gaps in communication

Evaluation of success in developing and testing improved product444- 4-4- 444-4

and alternative systems far education can build on a considerable h istory

components that will help4make existing systems work better, such-4ae_new=-

curriculum programs, information systems accommodating tracking of imdi-

vidualized instruction, performance-based testing to credit experience

based learning, or it may put a number of components together in4aUt1i 4aH

way that an entire new system results. Each of these should be assomMMI=

separately, for it is quite possible that some components may prove-sue

cessful apart from the system for which they were designed. Indicatere4

of success should be based on operational objectives; decisions as 15i--

implementation are also relevant criteria, but use criteria should fie-

applied only after broad-scale implementation has actually been attempted: -

Again, retrospective studies may help highlight the sources of success-- 4

and failure in development, testing, and implementation. Appropriate_

o Has the developed product or system had the effect originally=-

aimed for, as documented by testing

*
Technology in Retrospect and Critical Events

prepared by IIT Research Institute
**

Office of the Director of Defense Research and Engineering (1969



In what ways, desired and undesired, is the performance and

behavior of participants changed by the educational innovation?

Is adequate information being provided on how to install the

innovation? On costs? On training prereouisites for staff?

arrangements)2

o Have the NIE innovations led to implementation funding by

social action agencies such as OE or 0E0?

o Are local school systems or other educational institutions

investing their own funds in adopting NIE-sponsoredproduc

o What are the barriers to implementation?

If implementation actually does take place, additional criteria can be_

or sites. effectiveness of replicatiaE

hands of the original developers

indicators, distribution of use

performano

and uninteTnAMt

Assessment of the products of deveipment ,experimentation can-

fn itself become a mayor R &D activity. Planning for appropriate evalu

tion should be part of the program development process, as ,9,m7ohasiz04---

by Crawford (1972) in his recent study of the impact of educationallM1-

products, but ordinarily the level of evaluation effort will be miniima-

at program inception and become greater as products into use. Tiat==

ting the matter another way, development of truly innovative educational

curricula or practices is complex and time-consuming, impact everigsIowar

evaluation of development and experimentation must have anFa-sie

quate time frame. Jonsidering the high expectation for visible atic-7-__

cesses, however, which is likely to enter any outside evaluation-of==_iz7

effectiveness, the NIE would be well-advised to invest in some shor=.5

term projects that could yield rapid payoff, for example, implement

tion manuals for adopting improved practices that have already ben

tested through natural experimentation or through demonstration funded =-



istri _ut3:ond AM- and SecontE0t6DWr Ben

evaluatiOn_ =tent -a=ra6ter fr--1=

_ree: tEathmetthanhen-ffeorreerrigiinwith otit05metnfottit=e-8-

orvprocess. In som4gSense, sat ts-fa-ctoryverformance SItinggalthe:tr---=-

th-rev7-dfinensions should make this issue superfluous, b-11-tritit'-b=e-t-_011_=s

sidered separately because of its special interest to CoWess. Ap&tt

from concerns with substanti ve contribution and allocation of educational._

R &D resources to Wodmbp;ImaI results, Congress attaches ithportantto

the "fairness" by whIth R&D funds, prestige, and access to motesub!tre_

distributed. Questions_

of greatest interest usually involve geographic distribution of funds

(and also or eventual benefits to practitioners and consumers), widttl*

compete for funding (e.g., dislike of sol-e-

5 tira0,_

some degree, the performeTP_Wit=-_

munities will share these interests, though their notions of fair dIrtrii=,

bution criteria will not match those of Congressional or department

watchdogs. Williams (1971, p. 135) points out that public agencies have_

traditionally been sensitive to such questions and will attempt to 'elltA13-_=-

record of accountability and fiscal prudence, sometimes to t-W

point where "administrative purity may become a public manager's it4teSit

response to distributional ques_==atis-4

is perceived differently-71jydii ferent

y concept of fairness is _to some degree

eness criteria in the allocatiOLVOf R&D

support. The NIE must put quality and effectiveness first, buttatiiii, 11A

open to judgent on the availability of information about any-af-_ IP1-2ratt

tices and rationales for them. This implies the existence ofgan-imi!leztiv0

management information system that permits quick access to datAAM11=7t

and origins of proposals; data on location and types of performwarlah-g on

current grants and contracts; agency guidelines on requests for proposals;

proposal evaluation, and property rights and licensing procedures_ ,:o_r!gtad7

ucts developed with NIE support; monitoring procedures, and soIdd--AA

important as forthright and prompt response to questions on ttre vhf of

actual practice is thb why. Therefore, any evaluation should coOlAtt



ty= rensons-for=varibus-management-Trrture-sF,_ e--

clarity with which procedures are explained to all concerned parties;__-

and the effects of the procedures. Evaluation should also consider to

-what extent practices are designed ahead of time in pursuitMaeWdelib-

ate strategies for R&D management instead of representing theaccretitin--__

of ad hoc decisions and responses to hostile criticisms that charact0=

The reader will note that the evaluation criteria and methods discussed_

so far address in a variety of :gays the first three missions of the NIE

as delineated in the legislation, but few are directly applicable to tie

fourth, "building an effective educational research and development wswc-

tem." (Although distributional criteria are sometimes made to servethIS-

purpose, they are no more applicable for gauging the effectiveness o

effectiveness of Rmy=to-

develop alternative energy sources, despite the great differences ingthe

spread of expertise in the two areas.) This omission is quite deall

ate and derives from appraising past attempts at building R&D

existing core of qualiV.plailO,

le to R&D approaches are definaVan Ajg

assessing the effectiveness of thR&D-

If the NIE can perform successfully in regard to its first three

missions, building R&D capability only as specifically required forAmo-

eram initiatives in regard to those missions, then it will indeedfb=

developing an effective educational R&D system, and this will be eviderte4

through evaluation addressing the substantive missions. Criteria soIay

concerned with the R&D system itself, e.g., number of educational

searchers trained, number of institutions active in educational reseataT

number of new performers, are, in my opinion, not only irrelevant-butP

misleading, for they may raise unwarranted expectations of performance.-

Such indicators will not be needed to assess the effectiveness l&IiiVIUOY

system that produces the substantive results sought in the NIE's author_=-

izing legislation regarding problem-solving in education, advancing



'ter, ana -§treligtMhingsoOtitefican

III. THE USESEOFaEVALUATION

In considetingxthOmvarious ways in which the NIE should and

be evaluated, onemust ask two further questions: useful

any evaluation be? and (2) How will evaluation results be used? -While-

the second depends in part on the first, it also depends on politic-1r

Any evaluation, to be useful for decisionmaking, must have three=_

characteristics: it must be competent; it must be relevant; and it muses

be honest. Unfortunately, particularly where evaluation is to provide

feedback for improving an agency's R&D strategies, these aims may be IA

conflict, as has been noted by Giennan

I have suggested several types of studies that need to be careiii_

on fairly continuously in order to provide a substantive informatioiv

This background work =-

unlikely to get done on a systematic basis unless the NIE itself sp-onAors:

a good portion of it. "Unless legislation or agency policy specifitally

ca funds, evaluation staffs will not be assembled nor the evaiust7.==

Only when a flow of resources exists will a formalre---

ility to evaluate be translated into significant evaluationaOrild

(Wholey, et al. 1971, p. 77). Thus, to obtain competent evaInatiOn4

Wholey also points out that spending program funds on evaluation -==_

often resisted by program managers who may view it as a threat) iVdatiE,

fied if program decisions are likely to be influenced by evaluation.'

Relevance to decisionmaking, particularly within the agency, again5rieViiINMt

agency involvement, as has been emphasized by nearly everyone who has--
examined the field, including several of the authors already cited.



both competence and honesty require objectivity, and that implies that

evaluation should be carried out as an independent activil-, by outside

experts. Perhaps the Advisory Council could play the role of sympathetic

but impartial judge, but this precludes its functioning as a knowledge-__

able advocate of educational R&D, another possible role for the CouncIU77

In any case, no matter how the Council defines its functions, its crOdi7-

bility with outsiders as objective assessors of the NIE's performance

will not be high, raising the old question: Quis custodiet ipsos eusto egiL

For the NIE's own needs, a possible resolution of the quandary- is

to emphasize competence and relevance in its self-initiated eval-Valtsibh-6_--

To ensure these and the maximum attainable degree of honesty, a threefold

strategy might be used in which the NIE Director and Advisory Council

define the purpose of the evaluation, and the NIE funds the necessar

background studies, but the act,a1 evaluation procedures are carried

out as much as possible by outsiders The aim would be to provide rrtAximunv-

feedback for the NIE; however, a second purpose might also be served:

if the NIE succeeds in obtaining competent evaluations based on relevant-

information for its own needs, these evaluations may find their way

the assessments generated by independent overseers and critics inside --

and outside government. It is to be hoped that such an information floe

will take place so that completely independent evaluations can take

vantage of the evaluative information base established by the NIE, and__----

the NIE in its turn will welcome and use independent appraisals.

Let us assume for the present that such a climate for using evalua

tion results will actually exist. How could the results be used? There--

re three ways in which an agency or its overseers can attempt to intro

duce improvements based on evaluation feedback: allocating resources

differently (both as to overall agency budget and internally, among

the agency's programs), changing the management procedures, and reorphi

zation. The four dimensions suggested for evaluation bear directly on=

resource allocation and on management procedures; changes in organizatiat

will usually be a consequence of changed resources and management. Far_

example, an assessment of the technical quality of the R&D, if it inbIudes



the suggested state-of-the-art and peer rev-,ws, will uncover which_'

are being overfunded and which are being neglected, in vi=etai,ofm

their potential contribution to the NIE missions. Thus, priotfty

judgments become feasible that are independent of proposal or other=

client pressure and less subject to proportional in(de )crementalism,

the usual criteria for budget allocations. sessmentsolnpiroblem choice,

based on the subjective and objective criteria discussedtforproblemrim-

portance and on state..of-the-action-reviews, will also be

formulating priorities for budget allocations, for the NIE%atalibit

and for individual programs. The recent assessments of physieg7.4nd

space research already referred to have, in fact, been able to incorpor=-======

ate priority judgments based on alternative budgets and quantitative

scoring The assessment of effectiveness of output may lead to such

suggested changes in management strategies as altering the emphasixon

different R&D styles (e.g., les basic research, more developmena,7Z

changing the degree of directiveness and program control, designimgFnew

ways of soliciting proposals, changing proposal evaluation mechanisms,

and adjusting monitoring procedures. Clearly, quality and problem choice

assessments should also feed into the consideration of what management

changes might be needed to improve performance The implications for

management of distribution questions have already been discussed.

If suggested changes in resource allocation or management procedures

are substantial, their implementation may require changes in agency organi-

zation. Depending on the degree of reorganization needed, a separate

assessment (perhaps two, one done by an inside and one by an outside

group) may be useful to determine the most effective organization for

administering the new budget and management procedures

Application of evaluation results requires that:

New policy directions are articulated clearly.

The agency is in a position to institute the changes.

Staff are capable of carrying them ou .

Client groups are willing to adjus

*
See Williams (1971 Chapter 8



ee con one- w an es are
modest =and= =a e ce--si t n t =e context of a -articular ideol o r-
at ngprimarily toitnprove efficiency e-a anges-t
timescan_be---Ate made by administrativemfiatmw thout=necessar arousing-

rofessional opposition. [But] change-in policy -a enc eo ogy...

could be experienced as 'revolutionary' and threatening =ma e

- existing staff [and clients] and therefore would likely m e opposed or=sub-

rted. Such major changes mightmonlymbecome acceptablemwhenman agency

--experienced a crisis or a keenly feltmneed to re-examine existing-Pftc-

tices...extraordinary efforts on- the=part of leadership, perhcps including

the introduction of new personnel, might be necessary" (Glaser and-Ross,

1971, p. 54). In the end, whether any changes actually take placemas=a

result of evaluation, whether the status quo is preserved despite=indi-
-

directions for improvement,cated or whether changes take place=indenendent

of evaluation results will depend to a large extent on the motives of those

individuals or groups responsible for generating the evaluations. The moti-

vation is not often truth for its own sake; as Levine and Williams-(1971,

p. 31) say: "Ordinarily, however, decisionmakers those who visa to

influence them] have preconceptions about answers to the questions-addressed

by an evaluation. A decisionmaker with strong a priori views...will be

a good customer for evaluation only when it suppotts these views.
n Further,

no evaluation will be so free from flaws that it cannot be used or attacked

to serve a particular group's purpose. Only commitment at top management

levels to base agency on evidence supplied by evaluation - results_policy

and to implement suggested vhanges will make evaluaLlvn a useful

ctivity.

Besides attempting to ensure the competency, relevance, honesty and

usefulness of the evaluations and evaluation components that it sponsor, it-

can the NIE affect any the in it will be evaluated?self, way climate which

*-Willima (1971, p. 123)- states-th sas he _iron law of- absolute
Theicx fttethOdoldgili -tviaticsett defi-evaluatiamflewc ..-. ,and

-crienciee----in=anyEevaluationimakempolitiealairTfi4htingza,near--certainty_

whin-_-evaluaionrreeTittiathreciand-popZar-pilogram.-__In-shortF!question-
evaluation rpractieelar,---alwayembattad-on-methodoiiiiial

Eitaliesin - original].groundsfuipoilfitalandAureaucratipurposes"



-dttari t

etencemoTAncompetence; of judgment and tasteweimmmi

dynamic aridPfiexIblt enterprise likely to accomplishEsomething,

another manifestation of government bureaucracy. No matter what the

formal evaluation mechanisms set up by the NIE itself or by others

evaluate its performance, they will be permeated by the agency's imdge

concern for the-

NIE, for its ability to 2arry out its missions and any judgment on its

worth will ultimately depend on it
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Cotputer-aesisted instruction (CA!) ii not the .panacea-fo*today'e educational . . .

l. proble*is,iand itwou1d be a mistake today to introduce CAl on a muaive icale.
\

[.
On the other hand , it alco would be a grave mistake to reject CAt u a short-

.. lived phenonon-oi curiosity thatahould not be taken eeriouely until it his

b

; ..

beenprod.:' p [Sçolurow]

. (T)- \ . .. __i:;:

.. ':l4any of the .aaseesent, diagno.tic, and r.ediation practices of £hoo1sycho- L

logist. Ray be dramatically facilitated and expanded by co.puter-contoUed
interactive devices. If a .significat proportion of the clinical].y-oriente
school psychological procedures could be autted, then the current lotistic
liait&tions ie of avilable professional personnel and the sfred tge

of psychological practiceeouldbe resolvid.
=

.osputer-a.sisted instruction has two ujor i*plicetions br the fid of
sdhoól psychology. First, a direct 1.act on the ge d types of psycologicaj
eçes in a school syst could result in school psychology b.cing antici-
patory rather thWi reactive n style d pratic.. Secd, e school psycho

logtàt will find CAt provides opportuflitiss to pursue psycholocal rtae*rch

.Ln a natural, pedagogical situation. IHansen]
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1.. INTWDUCTION

A. Scopaof Computer Use in this aeport

In innovative schools throughoUt North America, learners are using the

computer to drill second language vocabulary, practice problem solving in

algebra, simulate a national economy, model a theory about inheritance of

'tits, and retrieve information about films and other learning resources

_**releV'ant tc anIndividual program of study. 'Reaearcfiers are using the'-

computer to administer complicated experiments, record and analyze data,

build models of -student :learning and performance, and reduce the limitations
,

on communication between man and machine. Project CLUE (Computer Learning

Under Evaluation) has considered the use of computers for ins ruction,
N

as a tool for instruction and, second, for research on learning an eaching.

Administrative uses of the computer for record keeping, scheduling, resource

allocation, and data processing were not included in-survey and review

activitiesiand are mentioned only incidentally. Although these administrative

uses are extremely important to educators, critical review of this area was

not as urgent as for the instructional- domain. In particular attention has

beel given to the "conversational tutorial" uses of computingwhich are the
-

subject of some controversy.-

Interactive uses of the .computer with the user-"on-line" (directly connected)

are often' quite costly to implement at their present stage of development

and occasionally the same function can be served just as effectiVely and

less expensively "off-line" (without direct connection). The scope ;of

Project CLUE includes-all-uses of the-- computer_ for instruction, whether the

student waits one second or 24 hours for a reply. Some systems.are arranged

to providl results in\from one to 30 minutes from-a "remote job entry'

terminal. The user does not have-to carry his punched cards to the computer

'center but, is able to interact with the machine using edard reader and

printer located for his convenience.'

Project CLUE December 1970



I 1 Introduction

The uses-of the ,omputer as an-instructional aid have been represented by

various initials including CAI, CBI, CMI, CAL, CAE, and many ethers. These

labels tend.to become associated for-some personsAith particular uses of

computers or university projects or computer manufacturers. As a result any

single <name can mean different things to different readers.

"Computer-assisted" or "computer-aided instruction" (CAI) is now the most

commonly used acronym. If the computer's role-is to assist the teacher in

managing instruction -by handling performance records and.curricuIum files, the

-' V--label is "computer-managed instruction" (CMI). However, many projects and

manufacturers use variations of these two labels.

Authors of Project CLUE interpretations have avoided'acronyms. When the CAI

label is used it refers to a narrow definition of computer use, e.g., drill

and tutorial activity. 'More comprehensive labels are intended to suggest a

broad range: "computer-based learning activity," or the "computer as a

learning tool," or "interact e uses in instruction.'" These phrases emphasize

the lear-ing process as muc as a highly controlled instruction process, and

the extension of the intellectual capabilities of the user as much as the

testing of his factual knowledge.

Tin the next few paragrphs the domain of Project CLUE is summarized in terms-

--

the manner of computer use as listed in Figure 1.1 (see also Appendix D).

Instruction' and the learning process. The most visible use'of computers in

instruction is to providedirect assistance for learners or trainees, or for

teachers, administrators, educational-technologists and others who may wish

to help learners. Any of these persons may pursue computer-related work

individually at a user station or in groups of various sizes, directly

connected to a,computer (on-line) or not connected (off-line), with real or

December 1970
Project CLUE
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hypothetical computers, and so forth. Some typical subdivisions for thii

category of use are given in the first part of Figure 1.1.

Management of instructional resources and processes. Essentially clerical

assistance: can be important. Although uses in this category initlally were

considered to be aids to teachers and others concerned with supervising the

instructional process, information and assistance canbe provided to Students

directly without intervention of adult teachers and managers.

Within the various files for management of instructional resources and

processes, the essential information is about student performance, learning

materials, desired outcomes, job opportunities and student irtterests. The user

would be able to compare his own performance, iuteiests and goals with those

of other students. After analyzing his performance, the student should be able

to move into the materials file fo find suitable help and.dien continue this

self-directed activity by exploring the job opportunity or interest file.

Preparation and display of materials, Computers can be used to assemble

individualized text and problems well in advance of their use by learners;

materials then can be distributed by the most economical means. Generation of

materials in "real time," that is, as needed by a student in a seminar or by

a teacher during a lecture, is impressive but usually not necessary. Figure1.1

includes some interestingsubcategoties of. preparation and display: generating

films, testing text materials, editing and analyzing texts, and representing
ti

knowledge, by' information structures.

Project 'CLUE
December 1970
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INSTRUCTION AND LEARNING PROCESS

-Drill
Skills practice
Author,r6ontrolled tutorial
Testing:and diagnosis
Dialogue tutorial

Simulation
Gaming
InformanTetrieval and.prenessing
COmputft_iten..i-

ProblaikOlVing
Model q4StrUction_(procedural)
DiWplayrconstruction--(graph-10-

MANAGEMENT OF INSTRUCTIONAL RESOURCES AND PROCESSES

Student records: selection and summarization

Materials files: r.etrieval via descriptors

Desired outcomes, job opportunities, interests, etc.

PREPARATION AND DISPLAY OF MATERIALS.

Procedures for generating-filths, graphs, etc.
laboratory for developing and testing text and graphic materials

Procedures for generating of text on an individual basis

Procedures for automatically editing and analyzing text materials for new uses

Information structures for representing knowledge/ objectives and materials

OTHER USES

Educational administration: accounting, scheduling, planning, etc.

Educational research: institutional, sociological, psychological, etc.

Applied uses: science, technology, management, banking, production, etc.

O

Figure 1.1 Summary Classification of Computer Uses

December 1970-
Project CLUE



I - 1 Introduction 5

Other uses2DiLLIEEFEIg2TIELocessing.: 'A number of °that potentially interesting

categories are list d-in Figure 1.1 but without elaborkion since they are not

central to this discussion. Nevertheless, users should consider

ducational implications of computers in administration .(accounting, scheduling,

p anning, etc.), research (institutional, socialpgical, psychological,

structional, eic.), and the relation of instruction to various applied

us .
Th6' last area isespecially important because of increasing needs for

tra ining.in computer use for jobs in science, technology, management, banking,

uction anc retailing.

B. ttntended Audience ,

The a currents of Project CLUE are arranged in several sections to meet the

differ nt needs of three audiences: 1).students of educational technology and

inteie ted laymen; 2) educational administrators, teachers and:instructional:

system managers; 3) educational psychologists and.computer scientists.

To the student and layman, the report offers an introduction to the present

performance, problems, and potential of computer uses in education. Samples

of instructional programs and their uses have been annotated. Technical

terminology has been minimized in the summary and interpretive _sections.

Much of the specialized vocabulary for the field is clarified by common

language definitionsandexamples in a glossary (Appendix E of Volume 1).

The administrator or,teacher_1 who is already familiar with the debate about-
,

computers in educational technology will find the guidelines for using computers

in education most valuable. He may also acquire background information to

support planning of project proposals and new programs.

For the specialist in the research and development of instructional uses of

computers, materials from which the guidelines were derived provide detail on

differing opinions regarding Computer instruction, dithensions underlying

oject CLUE December 1970



6 I Introduction

computer use irreducation, and-comments on system design. The index should

assist in locating material on specific subjects or learning the opinions

of certain writers.,

5

The first volume offer's a perspeciive on the purposes and goals of'the'study,

provides an interpretive'overview, and present; guidelines for computer use.

Five appendices include annotated examples of instructionalprpgrams,

abstracts of representative educational projects using computers, a listing

of the dothain for instructional uses, a glossary, and a guide to other sources
4

of interpretation, reports, and recommendations. Students, laymen, administrators,

and teachers should findTarts of Volume I useful.

The second volume of the'report includes six position statements: operations

and costs, development of computer-based learning materials, programming.

langu,Igesi evaluation cf materials and strategy, - research on instruction

and learning, and documentation and distribution of information and learning

materials. Each position statement incorporates interpretation and reaction

from persons kno ledgeable in that area. Bibliographies placed at the end of

each statement i clude references to all p.:rsons and papers from which the

statements were derived as well as a few suggested readings.

-5:The 'four appendices document the method of the study and dissemination, list

_projects contacted,suggest activities for professional societies and other

organizations, and offer notes on computer system design for instructional

uses. Educational researchers and computer scientists should find some ports

of Volume--II, of interest.

C. Chronology of Project Activities

A fraiework for discussion and review activity was derived from publisha

reports on computer use during the early months of Project CLUE (January through

:March 1969). Staff members searched fOr.curreft and relevant materials in-order

Debember 1970 Project CLUE
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N

to interpret what was being done, what had been planned, and what was judged

to be most needed and important. Project directors and other persons active

in,--research and development programs throughout North Amerida responded to

requests for materialdescribing their current work. Stiff members visited

many sites of interest and attended meetings and coriferences at which computer

uses in instruction were discussed. Details'are given in Appendix A of Volume

Drafts of five statements of poiOts of view were assembled during the summer and
s.,

mailed to all persons quoted directly and to other interested and knowledgeable

individuals in the field. Revisions were made by Project CLUE staff during the

fall andzWinter, and a preliminary draft of the statements was distributed for

review and lomme9x-in-February 1970.

-
The appendices were assembled-during the.spring of 1970 and distributed to

obtain confirmation and correction of infoxmation'given about pertons and

institutions Mentioned. Most of the documents were revised duringthe summer

and were- distributed for comment by p4-ticipants at three major conferences

in August and,September: the IFIP World Conference on Computer Eddcation,

the Education Sector of the ACM 70 Convention, and the Conference on Computers

in Undergraduate, Science Teaching.. Discussion at these meetings shap-ad yet

`,one more revision before publication fOr wider distribution.

_Throughout the project, CLUE staff members coordinated their efforts with those

of other projects reviewing the use of computers in education, including:

. -a study of the computer- in higher educatiqn, RAND Corporation; a survey of

computer uses in college teaching, MIT; program planning by the National

Council for EducationaisTganology, London; and numerous single conferences

and symposia.

Project CLUE December 1970
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SUMMARY OF GeIDELINES

echnolQgv s 'uctienal uses is well eStab

applications and further devetopment should priceed. Computer systems and

programming languages are-ay.ailable which are adequate to the tasks lavolyed

in developMent and presentation of learning materials. Applications have been

demonstrated for various kinds Of, computer use and in a wide variesy of

subjects; many of these are available thrnugh. telephone connections with

regional computing services; and availabiliry for some is extended nationally

by networks of computers. Perhaps thebiggest problem facing the potential

user coneerns the identification of the resoUrces available to him and then

selection of the most appropriate among them. Matching the right kind,of

computing system, prbgramming language and automated learning resources co
,t

thd requirements, needs and objectives of the learners can make the-/difference

betWeen success and failure for an applied project.

In order to take advantage of, the developing computinz technology in learning,
,

and teaching, is important to begin more work now. Institutions, sponsorrng

organizations, and professional societies should, provide greater incentives

for the development and effective use of quality materials in

instruction.

---

The intended audience for the.guidelines presented in Chapter 4 of this volUme.

includes the potential author, user and manager of computer Applications in

the instructional process, and secondarlly, the possible sponsor, whether it

may be at,government agency, state office of education or the adminfatration
/

of an individual school or college. A\S-ummary of the guidelines in Chapter

'4 follows here.

Project mug, December 1970



I 2 Summary.

A. Management, operations and costs of computer uses in instruction.,

The most effective uses -of computer-related innovations will depend in,the.

long*run.on significant reorn±ifmi6n,,olinstitptionb. Many -forces, social,
0 ,

political and economic, a're Pressing for greater rdsponsiireness of educational

Systems to individuall deeds and a chang. society. _Certain of the computer--

driented tech ques will help institutions meet_ the_needs of individuals and society.

Computing. iesources'are now available at a modest cost, and'the expense of

computing aids will continue to decrease. It is important to select carefully

among the options available, and to plan for effective use offueure

'capabilities. People,are the.most imRorfapt 'resource, and incentives should'

be established to encourage` the participation_Pt the best available authors,

teachers, technicians and other contributors ta innovative adtivities.

The funding of innovation should cover the time necessary to confirm the

effectiveness of new-resources andtechniques,l_ans, to. bring the best ones to

-fly operational status within educational systems, _Cost effectiveness in

the short run should not be the major conaideratiot4in a*decisiori to introduce

computers into instruction and course developmdnt programs; the benefits in
b

the, long-: run which follow from, introducing computing and' information processing

nowp are Worth some additional investment at.thlsetiue.

'Development and evaluation-of computer-baled learning materials.

A broad contextehould be established for review and planning of the

=appropriate place for computing activities within curriculum and learning

'activities. leterminatioft of goals should'predede-selectlbn of methods and

media. Both analytic. and heuristic approaches -to materials development will

contribute to the growing-library pf computer-related-curriculum resources.

December 1970 Project CLUE
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I 2 Summary 3

The maLisfte_h_t_of a computing facility for developmen- and instructiou should

be oriented to its'.users: authors, teacher's, administrators, and especially,

students. Effective support for users, in the form of reference materials,
-- \

'demonstrhtions, training materials, and consultation *as well as programming

).r ,.ance, is a major consideration in furthering efficient and effective

Avclopment activity. The samerequirements for user support apply to the

f" assistance the author should provide the teacher and studentusing-coMputer-

special assistance to the user ,isrelated materials. The automation of some

quite promising.

letterlincelitive systems must

. developraant, distilbuilon and,

reiiards should be provided by

.educational system.

0
C. Programming language's and implications for instructional strategy.

be established to encourage curriculum

maintenance. Both professional and economic

various institutions and organizations in the

No one language Can be right for all upers1 each mode of computer use has

special requirements, and different styles'of program preparation benefit

from different language features. Although no languages will be widely

adopted as standards, translation among languages of similar purpose will be
.7-

quite practical. Exchange of materials will be facilitated by improved

documentation. (Section E below, considers transfer from one project to

an4her.)

The needsof the learning environment should determine theprodedures
r -

or informatioh'processing used; language ShoUld be shaped by,ItIle'instructionai

uses,,for it. To remain-flexible, a project should work witan a general-purpose
-

__system providing more than e suitable prbgramming language, or use a

prelimiT-ary translation stage,-probably automatic, to gO from notations

onvenlent f or the-authors/into the programming language of'the particular

instructional computing system. -The key. to aervillig a variety of user needs

-Project CLUE December.1970



4
12 Summary/

is adaptability to individual requirements of authors and topics of instruction;

probably this will be achieved through automatic means for extenstim of
4

languages,

Programming languages and 44rding activities using computing should be

selected and shaped,-to take-advantage of opportunities for interaction

between the,learner and the collection of relevant information and procedures

stored in the computer. Responsive computing resources supporting an.

environment for problem solving can be arranged in convenient, task-oriented

packages for use-in"-the solution of problems andexploration of data bases.

A curriculum development group should ultimately remain free of the constraints

of specific languages even-to the extent of avoiding use of 'the computer

when the available software and programmers cannot implement the important

features of an instructional Strategy. ,011- the otht,a-h or projects

__ComMited to exploiting the computer:in-education sould sele t carefdlly
.

among possible appli ations.for those which heat-match compute contributions to

of le rners.,_;FurtherMore, the development of information

proces ng tools for rning should be pursued with a.subject or discipline

orientation rather than exclusively within the special area-of instructional

technology.

D. Introduction of computers into instruction.

Determination of needs and goa"o should be-accomplished with full participation

at the local-level; concerned personnelit all levels in an educational

institution should guide the development of new resources for instruction

which,..will further the goals of the-institution and those it serves.

December 1970
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I 'Summary

An important multiplying effect on the return for resources invested should

be obtained by applying appropriate effort through information centers and

training programs. gxchange programs should help spread expertise among

those who willbecome leaders in local projects.

5

A .new project should avoid the use of the computer as a medium which may

perpetuate inappropriate eduCetional practices; imaginative uses of computing
//

will emphasize general processes and problem solving more than specific facts

and corVentions. Training programs should help teachers and authors adopt a

flexible and creative approach, atten

ihdiividual students, ar.d inform them

.information processing for society.

tive to the needs and reactions of
/

about the implicaeions of automatic

Any program introducing computers into

education, even if primarily for teaching other subjects, cannot ignore

consideratters of general omputer knowledge and specific skills of computer

use.-

Computer baste. systems should be introduced into_curriculbm and instruction

only to the extent that-they make a better contribution for meeting _educational

needs then alternative systems and procedures, The uee of the computer by

students as a tool'unde r clarol, for learning and problem solving can

besrecommended.tr Y. Inagement of records and materials

.-students d ctly'as well a through teachers and administrators, is a

promising a plicafion. The preSeniatiOn--ofinsttruction (exposition or

remediation) via the computer ma contribute significantly to learning and the

development f a favorable a e by Some students having special needs resulting rrom

learning di abil4les, cultural differences or gaps in educational background.

ne practical approach to computer use in the instructional 2rocess is to make
.

I .

..-

the information processing tools and
.

data bases directly available to the
---

. \ --T

learner and -let complmE human skills an judgment of llildren and young adults
..-.

be applied where scientific knowledge of the learning Process is inadequate
-/.

to make specific prescriptions. In general, the scholar teacher should

Project- bth
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1 2 Summary

4

remain in charge of the introduttion of computer technology into the teaching

t

.and learning activities, attending to the'uses of the computer in his. area of

study, and to the advice of experts on technical matterS and most of all, to

the reactions and performance of individual learners.

E. Transfer of findings and materials from one project to another.

Each project should produce documentation which warns,others about the

.
shortcomings of an approach as Well as provides encouragement to follow

successful lines of development. Although the equipment used at one site may

not be generally available, the successful applications canbe described in

procedural terms from which adaptations can be prepared for other equipment.

Authors should be provided grea;...er incentives to document, distribute and

revise computeri-based exercises; econsiimic and professional rewards should

'derive from a dii/bribution system involving institutions, professional

organizations,.publishers, computing softwarg organizations, and computer

manufacturers. A first-,step is the early development of reviewing-activities

and other programs in professional societies
which will increase the amount

and quality of materials developed.

National and international programs should help distribute knowledge and

expertise as well as computer-based materials.
Prospective personnel for a

project planned at one site should work for a time at'another site which is

,-N
already operational. A mobile team of experts might move from place to place

dontributing to the effective and economical establishment of new projects at

schools and colleges. A. few .sample O'rograms, demonstration systems and,

portable terminals should be, available for trial use-by any, institution

considering the establishment of a new proiect..

December 1970
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12 Summary

Sources Ofinformation and consultation should be maintained by national and

regional cent s, which are coordinated wihsimilar centers in other countri,es.

.

Conferences on computerr in education should\be held regularly, some of them

\

em
qu'te broad in scope and others specific to areas of teaching and to

.

c ponents of the
.
technology. Participants should includestudents as well.s.

k

as teachers in the relevant disciplines,, and also potential employers and

others who may be served by education and training involving computers.
\
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3. INTERPRETIVE OVERVIEW-

Instkuctional uses of computers have been under investigation for more than.

10 years,.and the-field continues to change rapidly from year to year. The

purpose of this overview is to provide a framework'for discussion and-
. .

reco endations, a few specific examp of current and promising uses,.and

referencf to more detailed Information about research and development in

this field:

\ 4
A BRIEF HISTORY

/ Plans were,begun'on at least three projects in 1958. 'A demonstratidn of

computer teaching-of binary,arithmeticwas'made at IBIK'sJhomai J.-W#tson

Research Center, Yorktown Heights, N.Y., and wis reportee4,byiGustave Rath

and others in the book Automated Teaching edited by Eugene-galanter

1959). Another research effort started at System Development Corporation,

Santis Monica,'California, about the same time; the computer was used to control

a random - access projection device for presenting pages,-of material in research

on branching modes of_programmed instruction.= Licklider.and John

Swets,-both of Bolt Beranek*eNewman, CaMbridge; Massachusetts; were

looking at-a variety of computer uses in 1958 and 1959; one instructional

'application was the construction of graphs in _response to requests made by

, _studentsin analytic geometry.

A second project.at'the IBMWatson Research Center grew out of WilIlam Uttal's

workIon teachinL machines; he required more Logical capability than was

conveniently adhieyed with special purpo e circuits in,nori-computer devices.

A project initiated by Donald Bitier and Daniel Alpert;-at -the Univeksity of

Illinois at about thesame time g ve particular attention to the design of

convenient learning stations-for he studencand-simplified program entry
,

procedures for the curriculumauth r A-Confrence sponsored by System

-Development- Corporation. and the Office of Navk Research in October of.

1961 included-a-good-saiipling of work on computer -aided instruction and
*-

t_Proj t `CLUE.
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2 I 3 Overview

related fields. The ptoceedings of that\conference (Coulson, 1962) still

Onstitute a standard reference on instructional applications of computers.

Five major projects (and perhaps 11 different curriculum Packages)'were

reported at that timer although more than half of the packages were short

demonstration units.

The numbet of distinguishable projects and samples of instructional materials

probably doubled by, 1963, two years after the first conference. Curriculum

packages designed at System Development Corporation and Watson Research

Cen;er had been used successfully, with over a hundred students. A survey

conduoted in 1965 showed that the numb r,of projects and materials had
N.

doubled again in two more years. Many of the curriculum programs were quite

substantial and one of them at the Univ rsity of Illinois was in use for

regular credit instruction:'

problgms and potentills of this young technology were discussed.kt three..-

significant conferences in the fall of 1965: The coMpUter in Physics Instruction

= (Commission.on College Physics, 1965), Computers in HighercEducation (Gerard,'--

\4967) and The Computer in-American,Education (Bushnell s. d- 1967)
. .

The proceedings of those sessions are-readil obtainabl.e and together makt
K./

up-a-use ul collection of examples,,opinion an projbttions. To obtain

refere es -to the most current infobnation and opinion in this field, the

reader should use Appendix A, a guide to informatioi: sources in the area

of\instructional uses of computers; "this document is also distributed-by

th' ERIC Clearinghouse on-Educational Media and Technology, Cypress Hall,

Stanford, 'California 94305.
_ 4

Special sessions On computers.in education began to occur regularly at

meetingsof American Educational Research Association (AERA), Association

for-Educational Data Systems (ADS), Natiozfal Society for Programmed Instruction

(NSPI) Association for Computing Machinery (ACM)',, Sand the Fall and Spring

July-4973. Project CLUE
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I 3 Overview

41"

Joint Computer Conferences_of the American Federation ok,'Information

-..- Processing Societies (AFIPS). Conference members expressed continuing

enthusiasm about limited successes with existing applications:'buttheywere
N.

becoming.scaptical of initial claims for extensive Instructioeal possibilities /
with computer technology.

Manufacturers aid publishers were quite active in the area about 1965,

making increasii ly large capital investments. IBM, RCA, Philco-Ford,

Techndmics and 'Computer SyStems for.Education officially announced the
*

preparation of special- purpose computer-aided inst,uctiOn systems. Activities

were also taking place within Westinghouse, Honeywell, CE, CDC and Burroughs.

Sizeable field studies were conducted in several pubic 'rchool systems,

particularly Philadelphia, NeW York, City,- McComb County, Mississippi, and

Waterford,-Michigan, as well as in several schools working directly with
C-

Stanford University. Use of interactive computing systems to teach compue2r

programang-and, mathematics Was spreading rapidly; two of'the.first projects C

involved public schools in the vicinity of Boston (Project LOCAL) and both

public and ftiVate-schools near Dartmouth College, Hanover, New HampAire.

Another set-of conferences and review studies define the state of the new '

technology for instruction in 1968. The College Entrance Examination Board

and the Social Science Research Council sponsored an invitational conference

at the University of Texas in Ottober of that year; the papers and critiques

I prepared especially for that published by Harper and Row in
-f-

1970. Thelleterunivepity.Communications Council (EDUCOM)-had a,working-

group look at'*igrallsaifIg languages; dotumentation, and validation probleftw
--

in-instructional applications of computers. The final report of Phase I,
,,;

supported by the Office of Naval .ReseSich, is .available from EDUCOH-in Boston

(100 Charles River Plaza, 02114). The'Office of Education established a

pilot project (called CUES) to explore-the full ianie of/practical computer

applications in Secondary schools; the plan. was developed from fessibill.ty.

Project. CLUE July 1973/
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- studies conducted by and Gineral LearnineCorporation and a review and

extension by,Computation Planning, Inc. The ERIC Clearinghouse on_Edecational

Media and Technology at Stanford University distributed a pair of position

statements on current practice and future trepdsby John Feldhusen and .

Robert Morgan.

A study of computers. and instruction is being conducted by the RAND Corporation,

Santa Monica, California, for the Kerr:Commission on Higher Educaton, and

another by staff at the Mir Sloan School of Management. This overview is

taken from thelinal report of a study just completed at the University of

Michigan using the code name Project CLUE. All three efforts weri-coordinated

by their directots, and arrangements' made- for contributions to related

conferences such-as the Symposium on Computer-based-Learning Systems organized

by the National Council for EducationaFTechnology in the-United Kingdom.

Another round-of conference-activfty in 1970 almost duplicated the set of

meetingsjheld in the fall of-7-1965. The University of Iowa and the National-

Science-Foundation organized a,Conference on'Computets in Undergraduate

Curricula, and it was well attended by authors and,potential'users -of computer-

.based learning materials. The Commission on College Physics organized another ,

4
Itok at computers in science teaching, reviewing progress since a 1965 meeting.

Following the leadership of the Internation0Federation-for Information

- Processing, several grodps cooperated in the first World Conference.on

Computer Educatior4 it-successfully brought together persons working on

educational training programs for effectiveruse dficomputers-(e.A., training

computer programmers) with persons Working on the effective use-of-computers:
tt

fn eddcation (e.g., suPporting-instruction in biology or:clasSics). The

ACM annual conference included emajor section on education with particular

attention to computers in the instructionalprocess. The Center for

Re:Search and Innovation (CERI) of- the Organi4ation for Economia

Cooperation and Development (OECD) held -two meetings -(March and October

July x.971
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to examine computers in higher education and to explore prospects for increased

cooperation among projects in differentcountries. Another pair of OECD

meetings in March and December of the_same year looked at computer studies

in secondary_schools, giving special attention to curriculum and to the

training of teachers.

The field has grown to such a size that it is difficult to cite.all of t e

work.in research and development. Over 200 distinguishable projects of some

magnitude are'in operation and more than 1000 samplea!of curriculut materials

using computer presentations have been rioted, althoUgh'perhaps only 40 of

them are full courses. Abstracts'and interpretation of projects and instructional

strategies can be found_in periodic literature such as the Review of Educational

Rerearch,-and in information-files 'Such'as_those-of Entelek'Iftcorporaied;

Newburyport; Massachusetts, and the Instructional Media Laboratory of 'the

University of Wisconsin at Milwaukee. (See Appendix A.)'

The field continues-to grow in 1971 in spite.ofcutbacks in federal spending.

The technology continues to change Vapidly and considerable varie0-is_apparent

in systems, programming languages, and instructional

it is difficult to characterize this diversity it a

sections Include a variety of specific examples:

CURRENT FACILITIES AND USES.

strategies, Although

few-pages, the following
-0

Many'different kinds, of computer and software systems are being used by

research and development projects today. Some small-machines have been

programmed for use by one student at *a-time_execucing stored programs,

---81-mulatiPns0_,or designing his own computation routines or Computtr=based

games_and teEtt _exercisei3fif-other-students. One of the first was a Digital

Equipment Corporation (DEC) PDP -7 used-by Harlan Lane and others-at7the

University of Michigan-for training and research on- language skins. Systems

that -are somewhat larger but in a similar way dedicated to interactive
0
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instruction have been programmed for simultaneous use by anywhere from 4

to 40 students. Larger systems are in operation which can handle up to

200 studehts using the same or similar application programs; 'systems-for
,

to 4000 simultaneous users have been planned. At present it is difficult

to find 4000 ot even 200 students who want-to use similar programs at the

same time and'place, and an institution whose administrators wish to pay

the price.

up

Other research and development projects haveused general-:purpose conversational

systems, imbedding the instruct applications among other software

packages available to users. Under these conditions, the student may use

the same computer for controlled instruction sequences, self-testing, sim-

ulation, gaming, and problem-soiving,. Time-sharing computer syStemslat

System Development-Corporationt MIT and Dartmouth were early examples of this
_ 0

general- purpose approach, although the of. these systems probably

did not consider their work to be related to computer-assisted instruction.

Programming languages and systems .("software") exhibit-even more-diversity

__than the computing equipment ("hardware"). 1More than 40 languages and dialects

have been deve'oped specifically for p'rOgramming conversational instruction,

but many of their differences are.superfiCial and some obvious needs_nf'users

,still have not been satisfied. There is good reason for different languages; at

-least five-different kings of-users have distinguishable requirements: instructors,

yaulitOrS; instructional
researchersadministrators, anditomputer programmers

working with of't efirst four es.- The characteristics of different,

aubjectftreas:_also_ cessitate different language features. Although the

existing languages annot be arranged neatly-by user or application, one attempt

isAhown-below, or anized by the way the instructional',programming looks-to

the...les-son-design
Only-aLfew_examples are given for =each kind of programing.

The report.-(Zins, 1969) .from-Whicirthis was" taken provides a preliminary

assessmept of how well user -needs are being met andlconsiders common practices.

July 1971/
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inlanguages and documentation. A4later report (Zinn, 1971) offers

Additional interpretation and rdcommendation.

7

Languages'for-description of successive frames or items:

CGURSEWRITER I for the IBM 1400, COUMEWRITER II for the IBM 1500, and

COURSEWRITER III for the IBM 360, all products of Internatfonal Business

Machines (IBM).

COMPUTEST, COMPUTEST-II, prepared for various machines by staff at the

Computation Center of the University of California, and PILOT, San Francisco.

On I and II fJr the UNIVAC 1108P developed by-,UNIVAC in Minneapolis.

TUTOR for thePLATO-III, .andPLATp IV SysteMs at-the dOmpilter-base cation

Research Laboratory,'University-of Illinois,.Urbana. 1

PLANIT, developed_and7=diatributed by System Development Corporation,

Santa Monica-, 6-

Languages for description of procedures by which material (in Curriculum files)

is presented:

ISA-, prepared for a PDP-I at the CAI Laboratory, Institute for Mathematical

Studies in the-Behavioral Sciences, SEahford-University, Stanford, California:

wISL -1 and ISL-2 for the'RCA, Instructional Systems ,(70 and 71), Palo Alto,

California.

XXXX-(University of Minnesota, Minneapolis)
4.

-FORTRAN, ALGOL, MAD, SNOBOL, TRAC,_and other languages in general use

for scientific 'programming applications may also be used.

Languages for sp c fi-dation of an environment for programming and problem

solvin0 . /

APL was based on specificationa for 1,A. Programming.Language" by Iverson

-in-1962 and-isnow 'a popular language for time sharing systems.

BASIC, developed at-Zartmouth College in New Hampshire,: is now the most

widely available of theconvenient (student-oriented) programming languages.

JOSS ITass the first of the .on-line, interactive programminglangu4es,
and the deaigner Jules W. Schwartz at Rand Corporation set a model for

many others which followed (TELCOMP, PIL,'CAL, BRUIN, ISIS, LCC, and others).

Project-CLU July 1971
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POP -2.was developed by researchers at the University of Edinburgh and is

now available commercially.

,BRUSH is an on -line version of PL/1 prepared by the Allan-Babcock Company

for its time sharing service.'

TELCOMP, ISRCOMP AND STRGCOHP were developed at Bolt Beranek and Newman,
Cambridge, Massachusetts, and TELCOMP is available commercially.

I 1 ,

structional materiais have been, written in almost all subject areas and

for many age-levels: preschool reading, elementary school science laboratory,,

'-/
interMediate school social studies games, high school biology laboratory,

.
,

4.

_college mathematics, inei.oductory German, Chemist? laboratory, acid professional
. ,

school exercises in busir4sp,managemene, medical diagnosis, architectural

planning, etc. Some of the samples probably make little use of the computer
_,..

device
1

as;a0 information processing vand'Would be as effective and less expensiVe

nI,snother mode, e.g., a book or fillir_cattridge.
-,,

IT1 e costs of using these various operational, or experimental- systems and
(la1

1

la
,

.

nguages vary considerably. .Figures reported by manufacturers or research
k

!projects range from $0.25 to.$15.'00 per hoUr. Some of the differences can
, 1

,be attributed_to variations in assumptions abouyeow-many effective student
. i

IlhoUrs can be,sCheduled in a month or a year, whether the-equipment is rented:,
,

qeased or purchased, -and how,min- ,utilityuch time. will-be spent in- ,utility jobs, preventive
i

maintenance or repair. The Computer- =Based Education: Research Laboratory

'(CERL) at= the University of Illindia (Urbana),:plans"to achieve igure-
1

4.- ._.

of130fyer student hour at-consoles including. heyboatd, graphic display
A iiage projector, with all curriculum development coats-included. The

i

.

prOject plans to -be- operating a few hundred -such user atatiOrid over

telephbne lines )ay the end of,1972,- and by its originator's
1

Bitzer taimd Alpert (1969).

- ,

Whatever,the hardWare and communication costs may be, the initial financial
-,...

,--

hurdle is the high cbst of investmentin curriculum design and validation.
-

Estimates range from $20,000 to $2,0130,000 -to produce 100 hours of adjunct

July 197 Pr UE
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student. Before self-study material-in text forthae-is adapted for computer

presentation, the potential contributions'of_an automated instruction system

should be considered. First, the machine evaluates a-response constructed

by the student, using the author's key as,a standard; an automated procedure

pfints out discrepancies, tallies scores-and-sllects remedial or earichment

`material. Second', the machine can conceal and to some extent control the

teaching material so that the author can specify greater complexity and

assume more accuracy than is possible when-the-student is expected to find

his place in.the pages_of A large booklet. Third, the comput.r can carry

out operations,specified by the student in simple programming languages

or design systems. Fourth, the author.or_reseafcher obtai detailed data

on student performance and Perhaps attitude, -and conveni t summarization

of student accomplishment .ready for-interpretation. Fif h, the author is

able to modify his text and prepare alternative versions -with relative ease.

Perhaps an adjustment of goals and an appi#ation of new techniques will

achieve more dramatic resdlts'in individualized-learning.activities than

simple computerization of text. ForexaMple,rdevelopers might giv6 greater

attention to effective interaction between man 'and machine during the learning

procesS: what should be done by each person_involved, and what should be

dohe by theimachine? Aslynandc information-system might serve as a common
_

imiking ground for a scholar and learner; could they share a computer-based,

PriMaryrsource "textbook` that is beinlgupdat.A-Etinually by the scholar
.

and annotated occasionally by each student.who,uies-it?

ProjecteLUE..
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previde more possibilities for individuat-attapration than a predetermined

sequence-of branches through a -large pool of specific items.

Communication networks will play an important role in permitting the prepara-
tb

tion and use of computer-based exercises within'existing economic constraints.

Expensive, Instructional software on coMpifeers is not 1101.7 used with large

,numbers of students. However, suitable networks will simulate and assist

,groups of subject experts w 0 work together ,on- computer -based materials for

the same course at different schools. 4_may_ b_e___argued that materials

developed on a cooperative basis will be more usable at different institutions

than 1-f-thay-we.ie...4eed independently. Furt-fie:rwore, guidelines for

-organization and documentation Wrcompliter-kased=1-ixercises will make ad a ion

and use at another school easier, especially since the 'text can be searched

and edited
-

readily while producing new-copy for local students.

Networks of regional computer services will distribute information-processing

capability which individual instituxions_or community education programs

could not afford independently. The National Science Foundation funded a

number of .experiments having ceiipral resouregs located at Dartmouth, Cornell,

Oregon State, Triangle Universities Computation Center (North Carolina),

Minors, Institute of TechnologY; and others, and-ene combining resources at



various primary buuri..0

way, an automated information system could help a learner and.

a,common working environment for hypothesis testing, sometimes

as in computer simulation of physical and social processes (e.

of evolution), and sometimes rea; in the sense of actual data

(e.g.; election returns or radiation measures).

teacher share

artificial

g., a model

from experiments

Some computer users suggest that the most important contribution of computers

to instruction and learning is the incfease in acceqsibility of information

processing tools for learners and other users. A large number of projects,

most of theM not considered to be computer-assisted insuction in a narrow

sense, have shown viable alternatives-4o strictly specified instructional

strategies for computer use in the schools today.
41'

Whatever the technique or philosophy of,computer Use, the extent of,use;will
',---

ultimately be determined by judgments of appropriateness by experts,

effectiveness observed from records of studefit'performancC and costs which

must be net by administrators of schools\or ;training programs. Favorable

economics for regular Use-ofautomated self-instruction may depend on computer

aids for preparation and revision of material, self-modifying strategies

of instruction, and automatic assembly of additional teaching samples or

testing situations. Some of the limitations imposed by present computer

technology involve the cost and unreliability of procetsihg lengthy

July 1911
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in an entertaining article in Computer Decisions, recently reminded his readers

that developers may be underestimating the power of the computer for learning

and the inclination of individual learners to explore. He included a picture

of Mickey Mouse wearing the magicalhat of the sorcerer (to whom he was an

apprentice i the film)-and playing with the stars. The caption reads:

the omputer is a universal control system, let\'s give kids universes

o control,"

In the Walt Disney film, Mickey played with the powers of the un ..verse while

his master was away, and spoiled it all by commanding the brobm to bring

water froth the creek and pour I- into a barrel in the cottage - a task Mickey

didn't like at all. But he did not know how to stop the broom from carrying

in-the water, and the cottage was flooded.

Nelson seems concerned about, a strong tendency to put in the ; omputer those

exercises 'which seem easy to implement and are uninteresting for h ns to

do. Lengthy co,rses of tutorial and drill are made operational withou reviewing

carefully whether the goals and r Ictice exercises are worthwhile for the .

-) students at all.

I

Who is to control this new resource for self-education? Will the learner

SS vac nt n rzPlvs-isnrn.fzs



important because ofAhe teacher's inability to provide adequate supervision

during learning e'rcises. Teaching machines can encourage students to

practice independent searching and self-teaching, as well as monitor and

assist the students when they are given difficult or ill-defined tasks.

Computer assistance. will be used as a tdol,by curriculum planners, lesson
,r

designers, and teachers as well as students to abhieye_common educational

objectives. ThE next section describes" typical uses in several major areas.

Examples of Current Uses

Several modes or uses of computers in instruction are 1 sted in Appendix D

and samples are giv'en in Appendix C. The materi ese pages exemplify

just three major kinds of uses for students. They are followed by a description

of computer aids for an'instructor, curriculum aurtior, or researcher.

One of the underlying dimensions of applications for students is that of

author or program control. At one extreme, the student can do only what

the program allows;- typically he finds himself mor4 restricted than he is

with a textbook'or set of dittoed exercises. At the other extreme,_: he computer

is programmed to setve the student as a tool in the management of inforTation

necessary for solving problemivand the student is given almost complete

control. It is also, possible for the-lesson designee to program the computer

to respond in set ways but leave the initiative to the studeit; the learner

Prpject CLUE
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is encouraged to explore the materials or model by whatever means he finds
-t

most efficient or interesting.

21111
Tutorial; Dialogue.

4 -

Computer assistande with drills and presentation of text is most often given'

the label "computer-assisted instruction" (CAI). Many student hours at

a terminal have been lugged with drill exercises because it is easy to

asse ale large amo-Its of material,
assign it to large numbers of students,

and service many simultaneous users on a relatively small machine. However,

if economic criteria are important, the users must consider alternate ways

of achieving the objectives which can be met by computer-delivered drill

exercises. The best known examples:of dr 11 in regular instruction is

the elementary school curriculum for mathe tics and language skills

developedby Patrick Suppes and Richard Atki son and tested initially in

the schools of Palo. Alto, California, McCoslb, Mississippi, Waterford, Michigan,

and New York City.

Other applications hay been usedfor language instruction at the college
e _(

level. One project which has accumulated many heurs of student experience

is the language laboratory at the State Universiti of.New 'York at-Stany

Brook. A course in Russian was developed-at Stanford which combines

computer-delivered-yractice with other language laboiatory exercises and

individual meetings with the instruptor.
___f

;At the University of Michlgan.a student console was especially designed

for use with a small computer'for training_prosodic
characteristicA of speech.

The aural response from the student is compared with the recorded model

just played for the student; the-extent and direction of discrepancy in pitch-

loudness, or tempo immediately registLx on a zero-center meter. Progress

with the exercises is determined bYthe.individual'performance of each

student.
The,computeris used to average the signals in order to cancel out

the differences in base pitch or loudness (e.g., a female student responding

1
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to a male, native-language speaker), to adjust the tolerance for error in ,

response to student performance, and to convert the audio parameters from
V-

physical units to the logarithmic, psychological units more meaningful to

the leLsner..

Many hours of instruction have been prepared in the tutorial mode probably

because this manner Of computer use is familiar and comfortable for a

college professor interested in educational technology. Much of the work

done at Penn State, Florida State, andother university-basedprqjects can

be characterized as individualized, tutorial adaptatiOns of lecture or

textbook material. Many dollars have been invested in the development of

a few computerized, programded-instruction courses; a significant part must

be spent for implementation of a particular computer system.

Some instructional.programs of the tutorial variety are designed to encourage

additional initiativq on the part of the\student, and to provide a relevant

reply to whatever'questions, comments or cOncrusionhe may type in. Typically,

the author _of such an exercise has provided In the computer-program:a set

of conditional. statements which, for any_stage of discussion,pake the

computer reply dependent not only on theillid-ent's current inquiry or assertion, .

but al 0 the'history of the conversation._ The classic example of this

type of use is a medical diagnosis exercise developed by Feurzeig and others

at Bolt Beranek and Newman: The learning situation is characterized by

stages of examination and laboratory-tests altesnated.with "discussion" of

a tentative diagnosis with an automated mentor. The computer program keeps

the student on the right track, and responds to his diagnoitic attempts in

light of information he has already acquired. An example of a notation suited

for describing such learning exercises is'given in Figure_3,1. Annotations

on the program appear in brackets.

Av

Problem solvin, exercises in physics have been programmed by Edwin Taylor

and others at MIT to provide information at the request of the student and

3 Project CLUE July 1971
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' GENERAL "Proceed with investigation."

ACCEPT

IF /suspects//suspects/

1) "Wife, biother and partner."

I 3 Overview

[messages within quotation
marks are typed for the student,
annotations are in brackets]

[accept directive from student]

[did the student mention
"suspects"]

[first time, tell him this]

2) "No new suspects." [second time, type this]

IF /lab; rifle, glass, pipe/

IF ALL REPORTS, GO TO LAB

"I advise you to check reports first."

IF /interrogate/

IF'ALL LAB,,G0 TO INTERR

"I advise you request lab tests first."

"I don't understand."

LAB "This is the lab."

IF /glass/

IF WIFE

"Glass- contained-arsenic."

1) "Prints belong-to the wife."

2) "Nothing new."

"What is it you want?".

ACCEPT

[did he'ask about any of these ?]

[only after he has all reports
permit him to request
laboratory tests]

[if'nothing is recognized in

his directive]

[if he mentions the "Glass- "]

[if he has already interrogated
the wife] _4-

these-replies]

[if no lab test request'is

recognized],

TO LAB + 1 [go back to process a new
directive]

Figure 3.1: Sample of a notation suited for-exercises in decisibrimaking

July 1971 .Project CLUE
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eventually to check his solution. The computer, extracts key words and phrases

from the student input for use in the reply assembled by the author's program,

simulating a personal conversation. The programming language used by the

author is an extension of ones designed by Joseph Weizenbaum and called

Eliza. A particular advantage of Weizenbaum's technique is that the prI,gram

can be written to confirm each time what was "understood" by the collection

of words recognized in the student's message.

The benefits unique to computer pregentation aril control have not yet been

isolated. -Some advantage is anticipated because the author is able to

write instructions for processing -constructed responses, braczhing according

to complex strategies, and controlling_ and concealing material appibpriately

for each individual student. However, few lesson designers have made, use

of capabilities beyond those which can be accomplished with the printed format.

Although the computer may haVe played a significant role in improvement

ofoinstruction by coercing the author into more careful organization, testing,

and revision of material, in the end his self-instruction package may be
-

presented to students almost as effectively (and requiring considerably

less time and money) in booklets and audio-visual modules.

Simulation and Gaming,.

ApIlications in this category differ from the previous group in that the

conversation between student and program, and the reiuits the student ob=-
ri

tains th playing the-game or exploring the simulation, do not have tole

programmed in detail by the designer of,the learning exercise. In other 1
, I

=words, the computer program underlying the game or simulatio- is a model

designed-to provide some appropriate reply to whatever the student may type

as input for the model. Such programs can serve a variety of purposes:

examination of the decision-making skills of a student during training,

-practice for a professional in problem situations Which may not be encountered

Project CLUE. July 1971
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often enougli'to maiI1Bain essential skills, and theoretical tests of new

hypotheses in abstract situations which, although artificial, may be easily

manipulated.
. 4

Simulation for military and indus rial training usually attempts to achieve

maximum fidelity inorder, as much as Possible, to replace experience in

a real airplane, spaO'apsule, oibusiness management situation. However,

it is sometimes desirable to give students experience in abstract situations

which emphasize first one concept or relationship and then another, with

little concern for realism. Learning may be more efficient and effective

where the contene and complexity of a succession of exercises are carefully

planned. Computer-based games may place the student in an even more abstract

and less realistic situation.. Typically, a game provides specificpoayoffs-

and introduces competition with other students. Appliications of both

gaming and simulation are found in elementary school social studies, high

school career_planning, college chemistry and graduate business training.

A sample of a student exploring a simple concept in wildlife management

follows:

r (/ , -

A student is given practice in managing one aspect of a simulated salmon-fishing

operation. The object of the game is to build up and-maintain a-population

which will maximize the catch taken by the fishery.' The size of the run for

the coming year.is determined by the computer in some way not-known to the

student, -although he does know-it depends on 'the-previous-year's escapementj..,,

Conversation Commentary

(Computer -in capitals;
playerlower case-and indented)

-WHICH MANAGEMENT STRATEGY DO
YOU WANT TO ADOPT?

catch

CATCH FOR 1969?
16,000

-July 1971

The player hase-the-choice of
setting either escapement or

catch.

Project CLUE
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ESCAPEMENT = 2,000

CATCH FOR 1970?
10,000

ESCAPEMENT = 1,000

CATCH FOR r971?
5,000

ESCAPEMENT = 1,000
THE MEN AT THE FISHERY ARE
DISTURBED ABOUT THE ,FLOW CATCH

CATCH for 1972 .

10,000

NO FISH ESCAPED. LET'S START

OVER AGAIN.

WHICH MANAGEMENT STRATEGY
DO YOU WANT TO ADOPT?

escapement

ESCAPEMENT FOR 1969?

-15;000-

CATCH- = 3,000
THEMEN- AT THE FISHERY ARE
FURIOUS ABOUT- -THE LOW CATCH

17

The computer supplies the'size
of-the escapement, and asks
about the next year.

The student notes that when
2,000 escape (1969, above) the
next year's run is- 11,000
(catch of-10,000 plus 1,000

escaping).

The studentshoUldhgve kept
the -catch down until the

--populatibn had recovered.

ESCAPEMENT FOR 1970? The student holds firm

15,000 because he expects ,a

much bigger_run the next

CATCH - 11,000__ year.

ESCAPEMENT FOR: 1971?

10,000

--CAT& = 15,000

ESCAPEMENT FOR 1972?

9,000

CATCH = 21,000I
.

Project CLUE
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ESCAPEMENT FOR 1973?

9,000

CATCH = 19,000

YOUR TOTAL CATCH FOR THE LAST

FIVE YEARS HAS BEEN 68,000
SALMON--13,600,PER YEAR.
DO YOU WISH TO DISCUSS THE
OPTIMUM STRATEGY NOW?

Aids for Information Handling

The student graphs the data

so far, infers a'relation-

ship between escapement
and the run the following
year, and is ready to
switch to a subprogram
which will "discuss" with
him the optimal strategy.

Conmenient tools for automatic organization and retrieval of information shoal

be useful to the student as theyrare to any scholar workingwith a broad

base of information. A number ofsexperimental -systems dhow considerable ///

promise but are still rather expeniive. Procedures have been proposed,/and

some of them demonstrated, for student organiiation and use of large /

non-linear files of text which serve as-individualized reference and instruc-

tion systems. The student can Vre given tools-with which to reorganize and

augment his personal copy of the basic file. In this mode students should

be able to accomplish more scholarly work of greater __quality during a given

period of study, and to acquire more skill in-searching-for__and organizing

information, than is possible through discontinuous,,encounterkwith structre

and strictly controlled tutorial instruction-interspersed with periods of

independent study. The development of cUiriculum-files for this-mode is-
,

significant because the role of the subject expert = stiffs from writer-of

'detailed, step-by -steR introduction for it topic, to astembler of-an appro ria

data = =base for student."xploration, and to consultant on the development f

powerful aids for explorer and-Scholarly work within-those files,of'

information. One illustration is an' experimental text-handling syst

developed by Douglas Engelbart and others_at Stanford Research Insti

Although Engelbart's system has not beeurused specifically for iiiitru on,

exploratory projects are in progress elsehere which may soon have int restielsewhere ge

results to report concerning his techniques of= ugmentation of human

intellect applied in education." '

ly 1971 ,
a
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Computation mode tends to be overlooked by the planner of the computer-based,

instructional system,perhaps because it is such an obvious application, or
...---__

because it does not look like tutorial instruction; -A notable-early experiment
,

was condu ted in the Massachusetts Public Schools (Project LOCAL) in associa-

tion with Wallace Feurzeig at Bolt Beranek and Newman. Student programming

and prOblem solving includes manipulation of symbols and words as well as
, .

numbers. Initially the students used remote computer services via teletype

and phone lines; later, small computers were placed in five public schools for

multiple use by students at four or five terminals.

College students and professional staff studying statistics on the System

Development Corporation time- sharing System are able -CO evaluate one-line

expressions, to-write and execute simple computation routines, and -to call
\-

on existing statistical packages. As the student moves from simple to

complex problems, more powerful computational aids are placed at his

disposal. A computation and graphic display system developed by Glenn

Culler and B.E. Fried has been-used by matheiatics and science students at

the University of California campuses at Santa Barbara and Los Angeles, and

at Harvard University.

Computers are being used-increasingly by artists and scholars to design or

conduct research on musical compositions, creative writings,.explarimental

films, and architectural designs. Students from tgese areas outside science

and-engineering can obtain convenient access" to computing-capability through

well designed study carrels and readily comprehensible programming_languages.

Aidslor Instructional Management

It appears that public schools will be able to afford interactive computer

assistance for a -few instructors and administrators before they can reach

each individual student directly. Aiding management of- =instruction is an

Project CLUE July 1971
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appropriate beginning; knowledge gained through semi-automated handling of
-

instructional materials and performance records will contribute to effective,

implementation of other interactive uses of computers by students directly.

The Oakleaf School project in Pittsburgh beian with much- dependence on

teacher-student contact for diagnosis and interpretation and a large

clerical staff for grading tests, checking resource tables and arranging

Asson materials in support of-individually prescribed instruction. diadualli

the clerical burden has been taken over by automated proceduiesand some,

of the more routine contact with students is being replaced by conversational

interaction with computer prbgrams.

Tools for Author and Researcher

=
Programming languages-are needed which are-convenient for specifying inter-

active instruction. -' An_EDUCOM working group (mentioned earlier) has assembled

la set of documents which=describes various programming languages and identifies

additional requirements of authors and researchers which are not-Presently

satisfied. The report of Phase I of the-EDUCOM study recotmenda increased

facility for: expressing-complex, conditional-procedures; processing

quantities-of algebraic expressions typed by the spudeht; assembling instruc-

tional material from elements of the subject matter and relationships among

the elements defined -by the subject expert; interactive editing and arranging

of materials; automatic summarization 'and selection of performance data;

and integration of automated instruction -with computer tools for learning.

Sp of AL present experimental systems provide capability for interactive

:,tompoSiii and revisian_of materials. Programs have been written by

Leonard Jonathan Wexler, Jaim Carbonell and others which generate-the

first draft of A computer-based-learning exercise from a specially written
_ .

'text, a set of graded test papers', or a,description of objectives for

student performance at the end of the exercise' Existing examples may. appear

:July 1971 Project CLUE '
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trivial; it is difficult to handle sophisticated learning situations now, but

generation of -materials s}one of the trends discussed in the next section.

TRENDS AND NEW DIRECTIONS

A current trend in instructional use of-computers appears to beaway from

the programming of sequences to 5e delivered by the coMputer under strict

control-of the author's sequencing rules. Putting a programmed booklet

into a computer may be more a hindrance thaPaltelpeto-a motivated student

-who possesses reasonable study-skills. Mote likely, managers of future-

- systems will make the primary sources of knowledge directly availableto

students through organized files of information end-procedures.' For this

mode-of-study students will be given the necessary learning tools for ..

a

information management, computation, and composition. Computers and electronic_
.

technology.will be used much more widely in the future world of today's
. r=
_students P and't responsibilities they will assume will greater

* s

skill of information acquisition and decision-making than is ex cted

presently. This suggests that today stud'ents Should learn
,
to use 4aformation

1
files-and the assoCiated-tools for learning and productive work.

For selected students 4nd certain Instructional objectives-the effectiveness
..

of a-computerized, author - controlled presentation will be sufficiently greater__..
.

.---

than experience- -with the same content in textbooks or audiovisual materials-
to justify the greater cost per'unit of instruciton. Po, ctrple, many

children lack the verbal- skills, discriminations, and atrvco_lon span 'that
k

may be-needed,for independent practice of some skills id 4: the aid of

a computer; students Of any age dealing with written and El< _f,11 languages may

-- for similar reasons r4ed computer assistance for diagnostic
1

of skills.

_-Projedt CLUE
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Expensive, on-line systems will continue to be used fors research on learning

and teaching and for developpent of self-instructional programs. Computers

and communications are esp cially important because the training devices can

be located'in public schoo classrooms, business offiCes and engineering-shops

_ or laboratories, through which an information processing system can inatruct,_,

answer questions,cdeIiver tests of understanding, record'data, and test'

hypothfses regarding instruction and learning with great'detail and over long

period time. This c,apability to introduce experimental control into

ituaticns Satisfying the real demands of education and training shouldhglp

reduce the present discrepancies between contrived laboratory aituationskand

actil 1 applications of learning principles in training and education.

Research on natural, language proee

aids for inanan intellect, eventual

,

ng, information structures, and Computer*,
.-

.

will prod cetools tougment

the resources available to authors of computer -eased exercises: ,However

it is very diff ult_tio,, anticipate the details of such facilities for

educational systems, and it is not clearhowAtte-iiistructional'irogrammer
_

Would write directions for generalized language processing or definition o

information structures if today's tools were put at his disposal._

Specie -pui-polc;mputer programs can be written tdc4assemble instruction

materials from-elements of a subject,and'relatiot. imong these elements,

A programmer can describe_an entira_class of problems with one set of comp

statements (program) by which an indefinite number of-test or instruction

items are generated for presentation to each student as they are needed., po

some learning-exercises, writing a rule which generates sufficient vpriety

will be _rather difficult; if the .nuttier of examples needed is-fairly small

the author will save time by.writing out each-variation he needs to have ;,

_

available, However, even when the technique does not save time in initial

drafting, it will reduce the probability,of oversight or error by the author

composing the problem set. Furthermore, generatigV-rules are-likely to
,
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4. GUIDELINES FOR CURRENT USES

1

On many occasions since the initiation of Project CLUE in 1969, the staff

participated in discussions of guidelines and recommendations dealing with

instructional use of computers. At each such opportunity the background

materials and tentative findings Of Project CLUE were introduced into, the

proceedings of the meeting through written statements prepared in advance

and by participation in the drafting of recommendations on the spot. By this

means of presentation, critical review and revision, the information and

ideas were brought back to Project CLUE amplified and extended by the ideas

of others not on the Project staff.

This section on guidelines includes many proposals which also appear in the

various sets of guidelines and recommendations produced by conferences and

------,

=symposia in which the Project staff participated during the, last two years.

Among the most significant ones for Project CLUES purposes are: a Unesco

consultation on computer uses in instruction (March 1970), an NCET (UK)

symposium on,\\computer-based learning systems, two OECD symposia on computers
4.

in higher U (March and October.1970) and one on computers in secondary

_.,education-(Mai 1970), a Rand-Corporation meeting .'on computers in the

%.instructional pro ess (October 1970), the IFIP World. Conference on Computer

Education (August 1970), and three sessions of the ACM Special Interest Group
0

on Computer Uses in Education (November 1969, May 1970, September 1970). A

complete list of meetings and presentations is included in Appendix A of

Volume II.

The intended audience for the guidelines assembled here includes the potential

author, user and manager of computer applications in the instructional process,

and, secondarily, the possible sponsor, whether a government agency, state

office of education or the administration of an individual-school or college.
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2 I 4 Guidelines

A variety of positions are represented in the guidelines selected from the

position statements of Volume LI and other sources. Some apparent

discrepancies among viewpoints can be accounted for by a difference in the

time perspective, e.g., how soon changes in institutions can be expected to

occur. Other possible conflicts in priorities are attributable to the

difference in the perspectives of research and development as contrasted with

teaching and administration.

The guidelines propose action by a number of different individuals and

institutions. Although the agent of action should be clear from the context,

a listing may be helpful here to indicate the scope:

International organizations such as Imao, unesco and IFIP.

Government agencies including education authorities, research
funding agencies, and special commissions.

Professional associations concerned with computer uses in
education and training.

Consortiums of institutions or.individual projects.

Educational.institutions, considering administrators,
teachers, and students.

Individuals working on development of computer uses and
related materials.

The guidelines have been arranged in a listing of short statements grouped in

Live major categories:

2

A. Management, operations and costs of computer uses in
instruction.

B. Development and evaluation of computer-based learning materials.

C. Programming languages and implications for instructional
strategy.

D. Introduction of computer uses into instruction.

E. Transfer of findings and materials from one project to another.

References to the related sets of recommendations are included at the end. The

glossary in Appendix E of this volume may be helpful to the-reader unfamiliar

With some of the technical terms used In the following guidelines.
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1

A. MANAGEMENT, OPERATION/ AND COSTS OF COMPUTER USES ININSTRUCTION
if

1. Requisite reorganization of institutions.

A tremendous discrepancy exists between ultimate promise and the immediate

possibility of computer use. In the long range, success of computer-related

innovations will depend on comprehensive reorganization of the educational

-system. The expected benefits of individualization and information processing

usually are not compatible with the traditional structures and methods of

operation of most educational systems today, although they are quite necessary

for-meeting the demands made by rapid expansion of knowledge and discoveries

made in science and technology. However, introduction of computer-oriented

techniquesneed not wait for reform; indeed, such changes might help bring

about needed improvements. Optimizing apparent benefits in the short run can
4t

and should be balanced against systematizing the supportive processes in the

long run.

2. Use of available, low-cost facilities.

Many of the existing computer installations could be used by schools lacking

their own facilities.' Most economical access is by a batch mode of operation,

that is, by assembling a Timber of jobs to be done at the convenience of the

- computer operator. 'Batch mode and standard programming languages can be used

to aid in the management'of instructional resources or to execute programs

which students have prepared as part of their course work. On-line,

interactive use is sometimes only alittle more expensive. In any case, use

of spare time on a government, university; or commercial system should be

contracted specifically to assure availability on an appropriate schedule for

student use.

. 3. Priorities for educational computing systems.

`In the management of computing systems which operate in ei multiple-access or

time-shared mode, instructional users should receive priority by some

processing scheme which recognizes and services some users first, or a

schedule that dedicates certain hours exclusively to student use. Other

management considerations include:
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small and perhaps mobile systemd (minicomputers) which

reduce or eliminate dependence on communication links;

elfeciivel preventive maintenance and a supply of plug -in

components, especially for equipment at remote sites; and

guidelines for common practices in programming and

documentation Co facilitate exchange of learning materials_

`ang,procedures among different initiators and users.

4. Interpretation of cos; estimates. -
\\\

Costs feported for development of learning materials or for student use o,\

system time cover a broad range; no one datum can be generalized since it

depends on goals, manner of computer.use, appropriateness of the computing

system used, skills and preferences of the author; local personnel costs,

outside consultation, learning materials already 'available for the topic,

and the method Of accounting for personnel, depreciation, software development,

maintenance, and other c.osts which may not be explicit. The range of costs

sometimes given (ai in Volume II, Part 2) should not be used except asa very

general framework` for the immediate future.

5. Means of cost reduction.

any Ileans ire AvaiTable,to reduce the cost of computer use

i;Lanaeo replacement 01_ old with new hardware and software

cqnfigurations;

use of special- purpose, low-cost terminals;

adoption of educational F-ogramming languages which provide

greater economy in computer-time.

coordinated work by two or more students at a_terminal;

video- projection or recording of the use of a computer by

one student at a terminal for viewing by a group of'students;

selection of computer contributions which can be accomplished

in the batch mode of computer use at much less expense, for

example, generation of materials for use-off the computer,

or computation=in support of simulationgames;

and text proOssing which helps identify weaknesses in

writing and expression.
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6. Planning for future capabilities.

In anticipation of future reduction in hardware costs, not only of terminals

but also of communications and computer processing, most development of

curriculum materials and the logic or strategy of instruction should be

conducted in a modular and hardware-independent way so that component parts

of instructional'software can continue to be used alone or in various

combinations as hardware configurations change. Decisions,to initiate research

and development projects, should not be deferred because costs will be

considerably less in a few years; the costs of delay could be considerable,

for example, hurried training programs and errors in the engineering of

systems. The development of instructional software.and expertise must proceed

if,these essential tools are to be used effectively when the hardware and

cOmdunications systems become economical:

7. Fund,innovation and transition into regular operations.

Financing policies and plans should be developed and examined carefully since

they-have a very profound impact on the entire educational system. Financial

commitment should be made fora sufficient length of time to assure an

adequate test of an innovation. The sponsor should consider itself

the major beneficiary of an educational prbject; the administrations and
Y,

,governing bodies of educational institutions should view new instructional 0

programs as :investments in the-future, developing an important "natural resource."

8. Provide training and incentives for needed staff.

It is especially important to anticipate the implications of policies concerning

ihe recruitment, selection, training, and payment of staff. The success of

technological innovations requires 4 multidisciplinary staff which includes

s ienific and technical personnel expert in analyzing learning situations,

assessing performance and training teachers as well as assembling computer

-7 hardware and software and-managing applications. Existing educational

institutions may not now provide candidates in the full range of skills and

experience necessary for the variety of roles to be filled irra computer-related

Project CLUE
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instructional system. alaries and related incentives should be established

to encourage the particip tion of the best available teachers, technicians,

and other professional and ara-prOfessional contributors in innovative

activities. Intelligence and creativity should be given greater consideration

in selection of personnel than years of experience.

9. Assess value of change.

Cost, or cost effectiveness, in'th= short min is not the major consideration

in a decision to introduce computers into the instruction and course

development program of an educationalQsystem. The extent and scope Of

desirable changes brought about as a,r4ult of the introduction of computers

and information processing certainly are worth some additional investment at

this time in operations and in researcland development. Development of

new materials and techniques and the preparation of new teaches are

particularly promising loci for efforts in educational reform. ----
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B. DEVELOPMENT AND EVALUATION OF COMPUTER-BASED LEARNING MATERIALS

7

1, Establiih a broad context for review.

Development of computer-related materials should be pursued in the context

of the entire instructional system, and coordinated with materials developed

and administered for other media and course components. -A review and

advisory board should monitor the entire development program on a periodic

basis to insure the coherence of the total instructional program including

the procedures and policies for evaluation of student performance and attitude.

2. Determine goals and methods first.

Analyses of objectives and instructional methods need to be made in relation

to the characteristics of the students before the costs and benefits are

considered. Alternative instructional configurationl should be examined 'in

the same frame og reference prior to a decision to use or extend a particular

instructional innovation such as a computer-based interactive system (or any

of the technical media) for large number's of students.

3. Balance analytic and heuristic approaches.

The contribution of computer-mediated learning exercises toAhe quality of

instruction will be known explicitly only-lI observable outcomes are specified,

measured, and interpreted. The engineering of instructional Materials to meet

learner performance specifications requires the use of well-planned cycles of

-development, evaluation, and.revisionand is' understandably expensive.

Approaches which depend on heitristfcs (insights. which mayreduce the need for

detailed analysis and trial use) usually are less expensive; they are directed

at producing learning environments orientedto practice and production rather

than "guaranteed-instruction" packages of the analytic approdch. However, the

development o a successful learning environment depends on the insight and

dedication of is designers who must anticipate the motivation and skills of

learners. Assessment of success depends on the judgments of experts in the

discipline and in education, since the designers have not made an explicit

statement of outcomes-to be measured.

Project CLUE December 1970
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4. Select well-structured subjects for tutorial mode of_computer use.

Authors of substantial amounts of computer-based learning material using the

tutorial mode cvnot afford the time to shRpe or tailor individually each lines
I

of text of each frame for each kind of student, but must devise stylized

procedures and content descriptions from which many individual exercises can

be derived automatically as needed for individual students. There-fiiii:-

initial applications of the tutorial mode of use of computers on a broad

scale will be developed readily only for well -- structured' ubjects such as

language skills and mathematics.

5. User-oriented management.

`4Computer system managers should focus effort on developing, testing, and

using instructional sequences and learning environments -which proMote

desirable outcomes. Constructing, operating, and-modifying the system.of

hardware and software shoUld respond to -the -deeds of users and not distort'

their objectives. Planning and costing curriculum components and arranging
.:-..-

_to-amortize the cost over many students during a period of years are just as

important as hardWare planning.

6. Useful documentation.

Docutentation is essential to economical maintenance and effective use of

instructional programs. Guidelines for documentation, when widely adopted,

should broaden the base of users of effective instructional programs.

Do'cumentation itself should be evaluated and revised on the basis of trial use

by test readers typical of those for whom the documentation is intended.

7. Provide for expanded use of materials.

Extending the base of users beyond one subculture is a much more significant

achievement than translation from one computer language and system to another.

Important considerations include: language and idiom; cultural variables, in

particular, attitudes toward teaching, achievement, inquiry and exploration;

December 1970 Project CLUE
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and structures or procedures appropriate to knowledge and learning. Local
1

trial of materials and proirams,is necessariy and revision likely before

computer-based learning materials can be used in another setting.

8. Favor qualitative improvements over cost reduction.

A development effort can and should demonstrate that successive iterations of

materials produced are Continually improving y relative me sures of student

benefits. To invest development resource in psgudo-scientif comparisons

with some hypothetical "traditional"

of qualitatively different goals is more important at present than.cost per

hour of instruction time.

thod is short sighted. The achievement

9. User support.

Distribution of non-co uter supporting services is a difficult problem, not
-4!)

only,lb regional n- works, but also in connection with local facilities which

may il4eq1144:44L34. f to go some distance to obtain doCumentation. - psychological

distance of computing centers kroinusers has been said to cause,more problems

..than physical distance. Training and assistance for remote users of computing

facilities s 'hould receive special attention now. Projects which put most of

their resources into syStem development may find they have elegail software

dad communications which are unused

lOr Development teams and interaction among individual contribUtors., .

Curriculum development should be considered in the context of the needs_and-
z

contributions of different persons involved in'the effective use of computers

for instruction: students, teachert, scholars, and experts from areas of

supporting technology such as computer and information sciences, psychology,

engineering and instructional technologi. These persons interrelate as they

interact with a common base of knowledge and processes from which the student

is to obtain some satisfactory representation or idea of the subjectbeing

studied.

1
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Assistance for authors (1_,_;(1,1 ,t4 tints).

1 4 Guidelines

Spe_ial assistance for curri( ,eparat on may be provided to an author of

ledfLing materials through aut,mdLe.1 inducing, retrieval and other information

processing, and special requests may be made of him, for example, to document

carefully his material and procedure which otherwise lie concealed within the

computer memory. Similarly, assistance may be provided directly to learners

who can usefully perform as authors" reorganizing the information base,

exploring new relations, and building up personalized files 'corresponding to,

individual representations of the-knowledge.
I

12. Author incentives.

Incentive systems Must:fie established to 'encourage curriculum development and

maintenance. ProfessionalSnd-economic rewards should'encoursge potential

authors, often working with others an interdisciplia-Sry_group,to develop

instructional systems. Recognition of luality work should b a factor in

determination of promotion or other pdvantages. Ec mic incentives require

establishing or improving4*Copyright regulations for new media, including

computer software

,December' 1970 Project CLUE
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"Guidelines for Instructional Use of Computers" from a; Unesco Consultation on

Computer Assisted Instruction, Paris, 7M;,18 Mdrch 1970, EDS/MMT/Cons. CAI-TM.

This list 01 guidelines for instrbetional use of computers with_special

relevance to developing countries7was prepared for Unesco officers, experts

and consultants who will be invOved in future years in instructional projects

with computer components. An adaptation of_fhe Nreliminary report appeared In

_

the April 19./0 issue f theACM Bulletin on Computer Uses in Education.

"Conference Recommendations "" from the LFIP World Conference on Computer

Education, Amsterdam, 24-28 August 1970. Nine-selected recommendations were

,-enary sessicll 2B-Agust 1970, and revised by -the Recommendations

Committee =9 August 1970. the copy. has been published in a number of pla,pes;

.,11\volent ,wu'rce is the ACM Bulletin on Com uter Uses in

Education, October 1970, which also includes comment on-that conference.

"Report of the Final Meeting Held on 2: March 1970" from a Conference on the

Use of Computers in Higher Education._ Centre for Educational Research and

Innovation, OECD. Paris, 19-21 March 1970. CERI/CT/70.37. The summary

document was circulated for information only on a restricted basis, Many of

the papers from'the meeting are available from OECD.

Report of the International Seminar on the Use of Computers in Higher

Education, Portland, Oregon, 26-30 October, 1970, Summary of discussion and

list of recommendations is being assembled by the Northwest Regional

Educational Laboratory for distribution early-071971 by the Centre for

Educational Research and' Innovation of JECIF;

Project CLUE
'December 1970
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"t-A,tlutti:ancv n,: Ajecties of Computer Science in Secondary Schools." Report.-

of a seminar on Computer Services in Secondary Education held at 'Sevres,

9-14 March 1970, Centre for Education Research ar.d InnoVation, OECD. The

summary and final recommendations were distributed by OECD for 'Information on

a restricted basis. Excerpts relevant to computers in tae instructional

process appeared in the,April issue of the ACM 13tpCsimutei.a
Education. The full report was published In Computer Education, No. 5,

June 1970, in the United Kingdom.

."Computer Contributions to Learning and Performance: An Outline" from four

concurrent discussions op the co,4uter's role in learning, November 20 at
-

FJCC 1969. The intended 'product was an improved outline for guidance of

individual writers preparing the special program materials for the ACM

annual meeting in SepteMber 1970. Copy appeared in 4-.be February 1970 issue

of t` ACM Bulletin on Computer Uses in Education.

"Computers in Education: Mechanizing Humans or Humanizing Machines." A

panel discussion and workshop at SJCC70,:Atlantic City, May 6-7, 1970. A

preliminary report appeared in the June 1970 issue of the ACM Bulletin on

Computer Uses in Education. Advance notes for the workshop appeared in the

A ril issue, and a complete, report is being assembled for publication early

in 1971.

"Recommendations for Action" derived. from the subsector on the instructional

process of the ACM annual meeting, New York City, 274 September 1970.

Suggestions for- further discussion and possible action by ACM members appear in two

parts in the October issue of the Bulletin on Computer Uses in Education.

%,Background statements for the session appeared Da. the August issue. The

complete proceedings of the Education Sector,of-the ACM meeting is in

preparation for publicatio0 M,out the middle of 1971.
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7. Language flexl

The key to setving the var...ety of user needs may be adaptability, extensibiI$

or flexi1;11-rtF, without trying to produce a general-purpose author language.

Adaptations in any author's personal notation need to be made rapidly eraTugh

) keep him working effectively, and the eventual execution with many studen-ts

13

needs to be economical. Trans:eil-n may be through-programmers ratter than

dotomatic processors, especially if the procedgral programs are small.

Procedures can then be auplied to large files of curriculum data prepared in

-1 format convenient for the subject,eipert.

Program descriptions.

Documentation (according toy publication" guidelines) facilitates preparation

and revision of instructional programs, review by referees and potential users,

and communication to programmers who are to impldment instructional prOcedures

and content in some othei system and language. Natural language is. not the

ideal mode for describing learning exercises; some formalization of language

appropriately requires the user to reflect on what he instructs the machine

to do.

9. .xploit interactive mode of computer use.

On-line conversational use of computers is almost certain to be more costly

-than less glamorous means of access to information processing aids. However,

the occasional user of',computers is morf 11411 to benefit from the interactive

mode of operation than experienced or frequent users. Programming languages

and learning exercises sti6tad be seleCted to take advantage of opportunities

for the infrequent learner-user to carry on a dialogue with the system. For
0

example, the learner should feel encouraged to test tentative ideas and try

out possibilities, knowing the system not only will permit such explorations,

but kwill help them to be successful. Suitable computer programs will keep

track of loose ends while the user is sketching in ideas, accept details

later, and provide an immediate and interpretable reply when the user

instructions are ambiguous or incomplete'!

Project CLUE December 1970
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10. Develop problem-oriented software.

reation of problem-Solving environments, which should be distinguished from

particular programming languages, is possible through the use of specially

adapted clmmand -onventions and data structures. Computing resources can be

arranged IL conenteatl, task-oriented packages for use in solving problems

and explf,ring .?std bases, as well as in non-specific, procedure-oriented

iengudges. he arciliciel distinction between batch and interactive processing

should be eliminated. Many systems already provide convenient means to move.

to the mode and terminal device most.suitaltle, and programming languages will

provide further support for optimum use of hman time and computing resources.

11. Leave materials development open-ended.

A Lurrliulum development group should remain free of the constraints of

specific languages even to the exterkt of avoiding the computer when the

av:1:4ole sut tware.anu'programmers cannot implement the-iiiivior-ant features of

an instructional strategy. A software system should be-adapted to specific

uses and users; the managers should maintain clear subserviences of language

maintenance and system operation to project goals.

12. Matching resources to needs and goals.

One general operating principle for planning projects in this area is

to select carefully among possible applications of computers those which best

exploit the computer role and to march computer contributions to the-real

needs of learners, At the same time, the development of information processing

tools for learri:g can betterbe pursued with a subject or discipline

,rLentation than within the special area of instructional technology.

Information procesSing and computers will be used widely in all subject areas,

and these new tools for learning and performance will interact in an exciting

way with new goals and means for education.

December 1970 Project CLUE
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INTRODUCLION OF COMPUTER USES INTO INSTRUCTION

1. Determination of local needs and goals.

It is difficult, if not impossihlej for any group to design an instructional

system without reference to the particular goals, needs, resources, and

conditions of the specific community which will use the system. Indeed, the

personnel who will be responsible for the technical implementation of the

system should take a major role in planning sessions from the beginning.

Concerned personnel at all levels in an educational institution should guide

the development of new resources for instruction to support the goals of the

institution and those it serves.

2. User-oriented manager.

The person responsible for the planning, development, and operation of an

instrittioL-oriented computer system should understand studerts, the learning

process, and the systems approach to instruction as well as technical matters.

He should have available, on a continuing basis, the consultation of specialists.

in all relevant disciplines; but he should be given the freedom and responsi

bility to manage in a decisive way to serve instructional needs over all

others. The convenience of student access to and use of technology sh d'be

placed above matters ofsystem.elegance and staff convenience. He should

maintain a project staff which recognizes these priorities.

3. Multiplying effect through information centers and training programs.

Cpmputers and information processing techniques should be introduced in a way

which obtains a multiplying effect L.. the.education system and on dissemination

of knowledge. Crucial points for application of effort are information systems

(such as libraries and vocational guidance. services), teachers, aad especially

the trainers of teachers. The new-technology must be supported by the

development and distribution of ne2knowledge resources, including information

about the technology and its implications for teaching methods, learning

strategies, testing procedures and multi-factor evaluation. Fellowships ar-f

Project CLUE December 1970
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exchange programs should be used to develop expertise among those who may

become leaders in local projects. Training programs at, all levels of

education should introduce new-concepts of and approaches to education

through technology and in particular through Computers and information

sciences.

4. Relevant dimensions of use.

In the selection of instructional uses for the educational program, planners

must consider a number of salient dimensions as they interact with a particular

situation: program or student control, extent of diagnosis and prescription,

variety of information processing tools, amount of interaction, helping role

of the computer, and the extent of restraints on expression and interaction.

Selection must also bp made among a variety of eodes of access to computer

systems (batch and on-line, alphanumeric and gfaphic, etc.).

5. An instrument change.

A new project should avoid the use of the computer merely as a medium

for del every of a lecture or progrdmmed text. rhi. s mode is quite prone to

rigid application in an educational system and may preserve old practices

(such as excessive emphasis on drill and recall of facts) rather than increase

flexibility and student initiative. The introduction of automatic information

processing, flexible information structures, and convenient communication

links, on The other:hana; is more likely than ottier technologies to facilitate

innovation and change in education. Imaginative uses of computers will

emphasize general processes and problem solving more than specific facts

and convections .

6. Favorallle teacher experiences.

In order that new teachers will adopt a flexible and creative approach,

breaking established patterns as a result of encountering computer use$ they

should: a) find computer-related materials useful and effective in their own

December 1970
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Roger LeVien (RAND Corporation, Santa Monica, California) is conducting a study
ofthe prospects for computer-assisted instruction in higher educatiod for the

Kerr Commission on Higher Education. The final report to be available in the
fall of 1970 will review current trends for instructional use of computers and
suggest guidelines for achieving appropriate use in college instruction.

Andrew Molnar and Beverly Sherman hays.compiled 1.1.S.C.ceofjiicationjavett
ofCmise, a volume of reports, project abstracts, and six
appendices related to 0.E.support of computer activities in instructioh and
research.. U.S. Governient Printing Office, Washington, D. C., 1969. A five-page
summary of the report appears in the April 1969 issue of Educational Technology,.

Robert Morgan reviewed the stets of the art for ERIC at Stanford with special
attention to management applications of the computer in secondary education.

His reportientitlea A Review of Educational Applications of the Computer,
Includin those in Instruction Administration and Guidance appeared in 1969

and copies are available from ERIC, Institute for Communications.Researeh,
Stanford, California 94305.

John R. Pierce was ChairMan of the Panel which prepared Computers in Higher

Education: RepoLt of the Pred..4ent's Science Advisory Committee (U. S.
Government Printing Mice, Washington, D. C., February 1967). The report

provides general recommendations for domputer use for teaching and student

research in all curriculum areas.

A text by Leonard C. Silvern reviews equipment, systems and strategies along.
with a presentation of his approach to course development, production and
tryout. Entitled Systems Engineering of Education Vi: Principles of .

Computer-Assisted Instruction Systems, it was published in 1970 by Education
-and Training CoLisultants Company, Box 49899, Los Angeles, California 90049.

December 1940



gaming, modeling and design arranged to provide active learning situations

for both student and teacher.

.l2. Assistance with records of individualized study.

Management of records and materials, prefeiably by students directly rather

than through, teachers and administrators,/is a promising application. Any

program -.1 instruction which allows some flexibility in learning approach

and rewards student initiative 0111 require management of large files of

records of student performance, and information about materials and learning

exercises on an individual basis. Some projects have assembled files of such

size and complexity that the computer is justil"fi d for reason of economy,

reliability or accessibility of benefits to in vidual learners.

13. Meeting special needs of students.

Some students have special needs for whom the presentation of instruction

(exposition or remediation) via the computer may contribute significantly to,

learning and favorable attitude. When a student lacks motivation or suitable

orientation to the ordinary self-instruction resources, the machine provides

a gentle pressure to proceed \a"314 to respond at each point of the essential

sequence of instruction. (Nevertheless, one wutIld wish to achieve for thee

students sufficient independence of thought and-suitable motivation to proceed

with self-learning experiences apart from computer tutorials.) For students
.

December 1970
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Lawrence M. Stolurow wrote on "Computer Assisted Instruction" for The Schools

and the Challenge of Innovation (McGraw-Hill and the COmmittee for Economic

Development, 1969). In this chapter he elaborates on the various purposes and

unique instructional modes or applications of CAI, the special'advantages of a

CAI system, and the overall financial costs of computer-assisted instruction.

A book by William R. Uttal, Real-Time Computers: Technlque and Applications

in the Psychological Sciences, (Harper and Row, 1967) includes a chapter

titled "Computer Teaching Machines." In his discussionof psychological

foundations and of types of computer teaching machines, Uttal emphasizes the

unique contributions automated information processing systems can make by

automatic generation of the steps in a sequence of instruction. In a

forthcoming bookwhich will be published by ENTELEK in 1971,.hw expands on his

ideas for "generative'-computer-assisted instruction (Uttal, et al., in press).

John F. Vinsonhaler-at the Computing Center of Michigan State University

maintains under the sponsorship'of MICIS (Michigan Inter-University Committee

on Information Systems) a computer-based file of an annotated bibliography on

computers in education, printing new editions on demand.

5

John R. Whinnery is chairman of the Instructional Technology Committee of the

National Academy of Engineering's Commission on Education which published

Educational Technology in Higher Education: The Promises and Limitations of

ITV and CAI, September 1969. The report provides an overview of the field and

discusses the promise of educational technology, problems of higher education,

---the prospects of future funding and the role of engineering schools in the

Svelopment of educational technology. It may be obtained free of-chafie-from

the Commission on Education, National Academy of Engineering, 2101 Constitution

A/enue, N. W., Washington, D. C. '0418.

In a review circulated in 1965 and published in The Computer in American

Education (John Wiley, 1967), Karl L. Zinn described computer contributions to
,mamlrwaar.-rirrrrmi Tacylouilwrry_
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lacking essential skills and opportunities for learning from present day

language laboratories and groUp instruction, the careful sequencing and

additional response processing done by computer systems appears to help.

14. Research on instruction and the development of instruction materials.

19

It is not necessary that the computer contribute to the learning of individual

students; justification may be found in collection or analysis of data,

opportunities for more complicated research designs, processing and summariza-

tion of data for the designers of learning exercises, etc. The presently

critical attitude toward CAI of a tutorial nature for ordinary students in

schools and colleges should, if anything, encourage increased investment in

research on instruction and learning. When the process of learning is better

understood and some models of instruction have been devised, tutorial use may

become a significant tool in future computer-based educational systems.

15. New information processing techniques.

Diagnostic, tutorial, and oth r aids to be provided individual learners

fn

should be explored. The app ication of findings in the computer science

areas of artificial intellig ce, natural language processing, and question

answering systems should be pursued vigorously for the benefit of educational

ides.

16. Primary of user needs and judgment of scholar-teachers

A practical approach to computer use in the instructional process is to make

the information processing tools and data bases directly available to the

learner and let complex human skills and judgment take over. A psychologist

may prefer to engineer the stimuluS-response chains and assess outcomes by
s,

objective measures. A research-oriented management might divert operating

resources into educational and. psychological studies of factors which have

little effect compared with the advantages of time and structure obtained

from reformulation of curriculum, and the amplification of performance based

on powerful information processing tools oriented to the subject of study.,

Project CLUE Dedember 1970
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A computer scientist might divert attention from educational goals and

instructional procedures to th attractions of a particular technology.

The scholar-teacher should remain in charge of the introduction of computer

technology into the teaching and learning activities, attending to uses of the

computer in his area and study, and to the advice of experts on technical

matters of system limitations, new information processing capability,

parameters of man-machine interaction, reactions and performance of individual

learners, etc.
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E. TRANSFER OF FINDINGS AND MATERIALS FROM ONE PROJECT TO ANOTHER

1. Project documentation.

e

21

de:411,1 documentation which exposes the weaknesses

(as a warning t.c. others/ as well as reports the successes of the effort (as
.-

trikk agerlier4 rar!alt-Tri-E-Va-rioub reports for use in other situations

should anticipate andtry t(i.reduce the confusion which often results from

terms and examples spAific to the local culture and conditions. When the

equipment used.is not generally available, the application can be described

by procedures which might be adapted fort use on other equipment.

2. Materials documentation.

One part of the documentation of a successful p.coject should be,a detailed

and objective model for the process of innovation and change regarding \

computer contributions to teacher training, materials development, and

direct instruction. This model should be sufficiently specific to provide

the basis for various computer-based simulations of conditions and outcomes

characteristic of many situations, and thereby contribute to the objective

planning of other projects.

3. Distribution of new materials and research findings.

Authors should be provided greater incentive to document, distribute, and

revise computer-based exercises. Potential users cannot choose wisely without

more comglete information, reviews, and evaluative studies. Curriculym

development resources and training proirams at regional centeri would help to

diffuse common practices and increase likelihood of exchange, Competing

curriculum packages will be distributed through different time-sharing

se ices, and decisions bai'ed on quality and economics will be made in the_

marke place.
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Means to achieve wide use of effective learning exercises have been suggested:

formalize and standardize procedures of journal review and dissemination;

issue a periodic review of computers in education; provide better incentives

to the author, e.g., academic credit, copyright protection, and reimbursement;

improve documentation of learning exercises.

5. Contribution of professional societies.

If institutions, particularly colleges and universities, are to effectively

introduce computers into teaching and learning activities, professors-must

feel they have the support of their departments and administration. A

favorable attitude toward effectiveness may be achieved through reviewing

activities and other programs of professional societies.

6. The role, of publiiher and manufacturer.

The trust and cooperation necessary between educators and manufacturers is

difficult to'achieve since the educator's open environment and tradition of

free exchange of data'are contrasted with the manufacturer's concern for

protecting proprietary information and/or not releasing defective products

too early. Cooperation between universities and industry in ,the production

of ,r!grams almost essential. ut course, the major responsibility for

what is offered will continue to be with the publisher and author rather than

with nardwury manufacturers.

7. Rotation of perSonnel.

When possible, os ective personnel for a project planned at one site should

work for,a time atianother site which is already operational. Furthermore,

the start 4 of the new project-should be aided by short-term participation

of personnel selected from the other site where the regular staff received
.

some training. The new site in turn ,ill help other schools and colleges lb

establish new activities in the computer-related area. A chain for communica-

tion of experiences then branches out like a tree.
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8. Mobile team of experts.

Ideally, a government agency or foundation-concerned about economical and

effective establishment of new projects at many sites (schools and colleges)

would help establish a team of experts which could more from place to pljlee,

carrying the experience fromone high school or Community college to another-.

(along with persons who move from a training'site to their home institution.

as-indicated'in guideline ff6).

9. Demonstration facilities.

A few sample programs, demonstration systems and portable terminals should

be, available for trial use by any institution considering the establishment

of a new program. Complete resources could be installed temporarily at the

-site including consultants available locallyC:or persons from the institution

should be able to go to another institution or a regional demonstration center

for training, triai use andmatXrials development.

10. Source of information and consultation.

A rion-commercial clearinghouse could complement the work done by profit-making

. ventures to provide materials and programs, information about equipment and

software,, etc. This clearinghouse or, national 'information center would main-

tain'a list of sources of inArmation and service, including individual

consultants perhaps. available at minimum cost through the service programs of

professional societies (e.g., ACM and AERA). It should coordinate efforts with

simiAar centers-in other countries through international organizations such as

IFIP, Unesco,and OECD.

11. Confaxences 'n computers in education.

Regular conferences should be held, some of them quite general and others

specific, ro It' components the technology. All levels

and Kinds )t e-ciL,fi-n bL represented: elementary, secondary, college,

technical, professional, on-campus, and-extended education in the home or place of

Project CLUE
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i.pants should include students as well as teachers in the

levant disciplines, and also potential employers, union officials, agency

representatives and others who may be served by education and training

4nvolving,computers.

112. Roster for international exchange.

'A file o resumes and job descriptions should be circulated to encourage

bringing expert staff from other countries who wish to spend sotelIne_

the U.S. and to increase opportunities for U.S p:ojects' staff to study

;abroad.

!-'
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rggr,,,ceedinsola,41mtC:cmILajilunimilajas, Leeds UniVreYsity,

5-10 September 1969. The proceedings was edited by John Annett and John Duke,

and published by the seminar organizer, the National Council for Educational

Technology, London, 1970. The report records five days of presentation and

discussion on the role of computers in education. Copies nay be ordered from

Books for Schools Limited, Councils and Education Press Ltd., 10_Queen Anne

Street, London WIN 9LD.
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VOLUME I - APPENDIX A

GUIDE TO INFORMATION SOURCES

Brief descriptions are arranged for quick identification of a source for general
informatiol about computer contributions, inetructional technology and
administrative matters, or a source for applications within a specific subject
area such as music, mathematics or medicine. To facilitate browsing as well as

direct search, the appendix is divided into four sections.

/

1. Literature Surveys, Reviews and Bibliographies

(Brief annotations of about 30 items arranged alphabetically by
author; a list of general sources for the educational administrator
or teacher; background material for a- researcher or student.)

2. Meetings, Conferences and Symposia (1961 ,-..j.V.0-)---------:---

(Selection of about s ted'-in,ehronological order to--tro''''----

indicate the development of this means of exchangeOf-information,
and to suggest new sessions Which may be useful; also a guide to
proceedings and background papers which supplement those
publications listed in Section 1.)'

Bibliography for Sections 1 and 2 13

3. Professional Organizations, Publishers, and Commercial Information Services 18

(Names and addresses of about 35 organizations with brief description(
of the nature and frequency of their-publications or workshops and
charges; indication of the number and variety of periodicals-available;
basis for selection of periodicals by individual readers.)

Summary of Periodicals

(About 25 publications arranged by the major user audience (computer,
edndariOntpsyChology, administration) and labelled by tvpe (newsletter,

bulletin, magazine, journal); suggests areas for new publications.)

'27

4. Publications and Planning Groups Oriented to Various Subject Areas 29

(Sampling of information sources in about 30 subject areas grouped
by humanities, behavioral and social sciences, mathematics and
physical sciences, and professions; indicates the extent of computer-
related activity in some discipline-oriented organizations; suggests
a starting point for 1-eating information on the instructional use of

computers within each Yield.)

The set of information sources in this appendix is not complete and some errors
may exist in the hrief descriptions; current and complete information should

be obtained from the organizations listed.

Project CLUES Address comments to: Karl L. Zinn, Direttor
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0. Dennis Barnes selected 113 articles and other works from over 40 journals to

include in "A Comptiter Assisted Instruction Annotated Biblic;graphy" citing

documentation of systems, programs and research activities. It was published

by Phi Delta Kappa, Inc., loomington, Indiana, in September 1968.

Don Bushnell, R. de Mille, and J. Purl collaborated on "Educational

Implications of Technological Change," Vol. IV, A Report Prepared for the

National Commission.on Technology, Automation and Economic Progress, February 1966.

Published by U. S. Government Printing Office in 1967.

The ComzaissIz on Instructional Technology, appointed in March 1968, issued a

report in Ma ch 1970 entitled "To Improve Learning: A Report to the President

and the Congress of the United States." The Commission was concerned with all

aspects of instructional technology; its report makes recommendations and

suggests priorities for federal involvement in instructional technology. It

is available from the U. S. Government Printing Office at $.50 per copy.

Aibibliography and KWIC index was published b./ Gerald Engel in 1967 and re-

vised in 1968 and 1969-(Programming' Systems Branch, USNWL, Dahlgren,
Virginia 22448). A third revision is-currently in progress and,publication
is expected by the end of 1970. It will again be available through USNWL.

John'-Feldhusen presented interpretive reviews of recent developments in an
article in Educational Technology and a longer one in Contemporar Education
both published in Apiil 1969. A position paper on CAI Research and Develop-
ment was issued as a Series Two Paper from ERIC in February 1970. Available

from the Institute for ComunicatiOn research, Stanford, California 94305.

Wallace Feurzeig made a survey of instructional uses of computers with
examples fdr the Kettering Foundatiokentitled "Education Potentials of
Computer TeChnology," 1968, Bolt Beranek and Newman. Defense Documentation

Center #1672.
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Silberman, Henry F. and Robert T. Filep. "Information Systems Applications

in Education," Annual Review of Information Science and Technology Vol. III

Carlos Cuarda (ed.). Chicago: Encyclopaedia Britannica, Incorporated, 1968.

pp. 357 - 395.

Silvern, Leonard C. Systems EngineeringOf Education VI: _Principles of

Computer-Assisted Instruction Systems. Los Angeles: Education and Training

Consultants Company, 1970. 179 pp.

Stolurow, Lawrence M. "Computer-Assisted Instruction," The Schools and the

Challenge of Innovation. New York: McGraw-Hill, 1969, pp. 270 319.

Also issued as Supplementary Paper No. 28 of the Committee for Economic
Development, Subcommittee on Efficiency and Innovation in Education.

Stolurow, Lawrence M., Theodore I. Peterson and Anne C. Cunningham, (eds.).
Computer-Assisted Instruction in the Health Professions: Proceedings of a

Conference at the Harvard Medical School. Nawburyport, Massachusetts: ENTELEK,

1970. 258 pp.

(University of Oklahoma Medical Center, Conference on the Use of Computers in

Medical Education: Proceedi,l,'s. Co-sponsored by the Department of Health,

Education and Welfare,-_and Ti e Ljni_versity_of.Oklahoma Med-lcal.Center. Oklahoma

CieY:- University of Oklahoma Medical Center, April 1968. 105 pp.

Uttal, William, "Computer Teaching Machines," Real-Time Computers: Techniques

and Applications in the Psychology cal Sciences. New York: Harper and Row,

1967, p. 234 - 269.

Viavant, William, (ed.). Computers in Undergraduate Education: Proceedings

of the Conference in Park City, Utah, 2 vols. :Sponsored by the National

Science Foundation. Park City: The University of Utah, 1969, Vol. I, 249 pp.;
Vnl. "ri.r 262 pn.
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1967 and again in 1968, drawn from the files of the Entelek indexing and
abstracting service. The October 1968 version is rather comprehensive and
gives appropriate attention to research reports and documentation of
instructional materials which have been prepared. Through Entelek, Hickey

also publishes the CAI Guide.

Donald Holznagel publishes periodically a Computer Education Resource Catalog
for the Computer Instruction NETWORK, 4924 River Road North, Saleni";,Oregon 97303.

The catalog includps a serial bibliographic listing of books, pamphlets and
periodicals in general categories according to their major content or purpose,
an annotation of some works, and a listing of films and reviews.

Max Jerinan prepared , report on "Characteristics of CAI Configueations from an
Author's Viewpoint" which discusses the capabilities and limitations of

1/Th

existing CAI system hardware, particu arly terminal devices for instructional
use. The report was given at a confe,ence in September 1968 arranged by the
National Council of Teachers of Mathematics and Penn State University, and
published in Computer Assisted'Instruction and the Teaching of Mathematics
(NCTM, 1969).

Manfred Kochen wrote a survey of "Information pcience and Computer Aids in
Education," for the 6th Annual Colloquium on Information Retrieval, Medical
Documents Service, Philadelphia, May 1969. He describes current progress in,

three Later-related areas: computer-aided instruction, computer-aided
question answering and computer-aided information retrieval. The paper
appears on pages 209-220 of the colloquium proceedings, The Information
Bazaar, edited by L. Schultz.
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Zinn, Kart (a). "Computer Assistance for Instruction: A Review of

Systems and Projects," The Computer in American Education, Don D. BuShnell
and Dwight W. Allen, (eds.). New York: John Wiley and Sons, 1967. pp.

77 - 107.

Zinn, Karl L. (b). Comparative Study of Languages,for Programming Interactive
Use of Computers in Instruction, Final Report. ONR Contract N00014-68-c-0256.

Boston: EDUCOM, J969. 225 pp.

Zinn, Karl L. (c). An Evaluative Review of .Uses of Computers in Instruction
(Project CLUE), 2 vols. August 1970. Final ropy December 1970

9
,Zinn, Karl L. and Susan McClintock. A Guide to the Literature on Interactive
Use of Computers foi Instructions 2nd edition. Stanford: ERIC Clearinghcwse,
1970. 31 pp.
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The Second Edition of "A Guide to the Literature on Interactive Use of
Computers for Instruction" has been prepared by Karl Zinn and Susan McClintock.
Issued by ERIC in January 1970, it describes various uses of computers in
instruction, types of lessons, systems 'and computer languages, existing
literature surveys, meetings, conferences and symposia which have been held,
professional organizations, publishers and commercial information services, a

glossary of common terms and a list of individuals responsible for development

and demonstration projects. It is available free of charge from the ERIC

Clearinghouse, Stanford University, Stanford, California 94305.
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2. MEETINGS, CONFERENCES AND SYMPOSIA (1961-1970)

The sources which follow are organized chronologically by date of occurrence.

In addition to the publications and proceedings which were an outcome of the

meetings held, the references may also assist the reader by suggesting where

to look for materials resulting from meetings or conferences to be held in the

next year or so. Regularly scheduled conferences (FJCC, SJCC, AERA, AEDS, and .

ACM) are held annually or bi-annually and generally have conferende proceedings

available (see Section 3).

John Coulson of System Development Corporation (SDC) edited the proceedings of

the October 1961 Conference on Application of Digital Computers to Automated

Instruction, sponsored by SDC and the Office of Naval Research. The

proceedings were published in a book entitled Programmed Learning and

Computer-Based Instruction (John Wiley, 1962).

A conference was sponsored by AEDS and Stanford University on uses of computeKs

in American education in October of 1965. Sections of two of the presentations

appeared in Saturday Review 1966 and the conference report The Computer in

American Education was edited by Don D. Bushnell and Dwight W. Allen and

published by John Wiley in 1967.

A conference on the Computer in American Universities was held at the

University of California at Irvine in November 1965. The contributed papers

were published in 1967 with a transcript of discussion (Computers and

Education, edited by Ralph Gerard, McGrnw-Hill).

The Commission on College Physics (CCP) also sponsored a conference in

's

November ' 1965, at Irvine. The 'report ofthat working session, The Computer

in Physic Instruction, is no longer available from the Commission at the

University of Maryland. It will be replaced by a greatly expanded Conference
Report of the Conference on Computers in Undergraduate Science Education

sponsored jointryby the CCP and the plinois'Institute of Technology, to

be held in Chicago in August 1970. The purpose of the second _conference'id

to consolidate the body of existing knowledge on the uses of computers in

education,particularly inphysics and mathematics, and to aid in the

dissemination of knowledge regarding-recent advances. Forlinformation

contact Ronald Blum, CCP, 4321 HartWick Road, College Park; Maryland 20740.

In March 1966, the Office of Naval Research CAI interest group met in

Cambridge at Bolt Beranek and Newman and at Harvard University Computation

Center. (ONR supported many of the innovative projects in this area, and

through,Entelek, encouraged meetings t-i exchange information.) Participants

discussed CAI languages for both students and authors. A summary was

distributed by Entelek add appeared in Automated Education Letter. In July 1966,

Educori established an informal working group in the area of author languages.

Project CLUE
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Also during July 1966, Educom assembled a number of experts and representatives
from member institutions_ to discuss and plan a network for communication among
collewrand universities in North America. The report of that conference

detailed designs and projections of need and probable uses for network

services. The report was edited by Blown, Miller and Keenan, and published in
July 1967 by John Wiley under the title EDUNET.

In August,of 1966 and 1967, educational technology and special equipment were
described and demonstrated at a conference of the American Management
Association (AMA), 135 W, 50th, New York, N.Y. 10020. The conference programs

describe topics and participants; no summary of the sessions has been published.
AKA Conferences on Education and Training were held in August 1968 and 1969.

The ONR CAI interest group met at System Development Corporation, Santa Monica,
California, in September 1466. Various SDC programs exploring computer aids in
educational systems were described, and participants discussed issues related
to successful implementation of CAI.. A summary of these sessions is available
from Entelek; sections,of the summary appeared in Automated Education Letter,

January and February 1967.-

A conference on computer'assisted testing was held November 1966. Proceedings

entitled "Computer Assisted Testing, Proceedings of a Conference" were,editea'

by Harmon, Helm and Loye at Educational Testing Service, Princeton, New Jersey.

The ONR CAI interest group met at Pennsylvania State University in April 1967.
Research and development activity in technical education using. an IBM 1410
and experimental Coureewriter was described. A summary was distributed by

Entelek.

The Education Policy Project at George Washington University conducted a
"traveling seminar" for the OffiCe of Education during July of 1967. The

background papers, briefing sessions and conclusions of the seminar participants
are presented in the final report titled Education in the 70'S. Copies are

available from the ERIC Document Reproduction Service, which lists it as
document ED,022 361.

An NSF-sponsored conference, Computers in Undergraduate Education: Mathematics,

Physics, Statistics, and Chemistry, was held-in December 1967. Panels of

university'faculty;_were formed in each, discipline to- discuss their views on the

impact which they believed coMputers would have on their undergraduate progra.zis
and to make recommendations for future NSF activities. The panel reports and

' related discussions appear in the proceedings which may be obtained from tbe
Office of Computing Activitlea, National Science Foundation, 1800 G Street, N. W.,
Washington, D. C. 20550.

An ONR interest group on simulation in instruction met at The University of
Texas at Austin, January 1968. Special attention wasgiven to projcts of the
CAI Lab at Texas aid the simulations for testing and training at the Manned
Spacecraft Center in How:itch. Notes have been distributed by Entelek.
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A conference on the Use of Compu ers in Medical Education was held at the

University of Oklahoma Medical C nter in April 1968. Sessions considered

computers in undergraduate, clincal, and continuing education, as well as

their use in medical libraries. fThe conference proceedings are available

from the University of Oklahoma Medical Center, 800 N. E. 13th Street,

Oklahoma City, Oklahoma 73104.

NATO sponsored a conference on computers and learning in Nice, France, in May 1968.

No official proceedings are available, but informal proceedings yere

distributed by the U. S. Officefof-Naval Research.

Under sponsorship of the National' Science Foundation's Office of Amputing

Activities, Stanford University, and the University of Illino!-, a working

conference on systems design for computer-based instruction was held in

Colorado in June 1968. Emphasis was directediat'discussion of hardware

systems (design objectives and criteria), and at languages, teaching strategies,

and software
t

for CBI systems. Notes of the conference are available from

Dean Daniel Alpert; University of Illinois, Urbana.

Pennsylvania State University held a Conference on Computers in Mathematics

education in September 1968. The proceedings (edited by Ralph Heimer and

published by the National Council of Teachers of Mathematics; Inc., 1969)

.included summary thapters by Max Jerman and Karl L. Zinn (see Section 1)..

William Viavant edited Com uters in Under raduate Education (Vol:limes I ands.TI)

as the proceedings of a conference'in Park City, Utah, September 1968.

Published by the University of Utah in 1969, the work includes reports from

federal agencies, the programs of the NSF, and transcripts of a set of work-

shops'on curciculUm and programs, computersAn engineering and science

education, the social behaviorUl sciences ana-humanities, facilities and

resources and computers in the liberal arts college.

A conference on Computer-Assisted Instruction, Testing and Guidance at the

University of Texas, October 1968 was sponsored by Educational Testing

Service and the Social Science Research Council. Specialists discussed the

latest reseerch and theoretical developments, the state of computer-based

technology, and problems related to the implementation of such technology.

,Proceedings edited by Wayne Holtzman are in press for publication by Harper

and Row, 1970.

At a conference on Instructional Strategies Appropriate to `computer- Assisted

Instruction in Washington, D. C., October 1968 experts discusased the

classification and significance of instructional strategies and operational

definitions of individual strategies. Proceedings were edited by Albert

Hickey and published by 'Entelek as ONR Technical Report No. 9.

Project CLUE
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Tile New York State Conference on Instructional. Uses of the Computer took
placesOctober 3-5, 1968, at Sterling Forest Conference Center, Tuxedo Park,

New York 10987. The final report was published in 1968 by New York State

Education Department and Northern Westchester BOCES, York6iwp;Heights, N.Y., 1968.

EDUCOM, in conjunct5.on with the University of New Hampshire and with the assistance

of the National Science Foundation, staged a symposium entitled The Computer!

Utility Implications for-Higher Education held in"Manchester, New Hampshi[re,

May 1969.- A .summary of the symposium's recommendations can be found in the

September 1969 iiSue of EDUCOM, The Bulletin of the Interuniversity Communications

Council, Inc. (Volume 4, Number 3). The papers presented at the symposium have

incorporated,-into a volume of the same name to be published in August
1970 IT13-;--6-.---Ileath & CO., 125 Spring Street, Lexington, Massachusetts 02137.

Editors are Michaeriiiiiir17-Edwaraccartan and Manley Irwin.

In September. 1969, the `National ouncil for Educational-Technology, 160 Great

Portland Street, London W1,,bel a symposium at the University of Lieda on

Computer Based Learning System . Proceedings having the same title were

published in 1970 and are ava lable from Books for Schools Limited, Councils

and Education PreSS_Ltd., 10 Queen.Anne Street, London-WIK 9LD. NCET

working papers and a feasib lity study for a prograth for research and development

were published in 1969 and are available frgm the-Couhcil offices.

A Conference on Computer, Applications in Dental EffiweatiOn was held in San

Francisco, October 1969, sponsored by the Prdiessiodal Education Branch,
Division ofDental Health of the National Institutes of H..alth. A summary-of

the conference can be obtained by writing to Dr. Luigi Lucaccini, Professional'

Education Branch of the Dental Health Center, 14th Ave. and Lake Street,

San Francisco, California 94118.

The Second Annual National Laboratory for the Advancement of Education was-held

in Washington, D. C., January 26-28, 1970. It was sponsored by The Aerospace -

Education Foundation and the_U. S. Office of Education.

The Centre for Educational Research and Innovation (CERI) of the Orgari.zatidn
for Economic Co-operation and Development (OECD) held two internatiorll_

seminars in Paris, France, in March-1970. The first, Computer Sciences in

Secondary Education, was called to discuss .and make recommendations for the
possible content of a curriculum for this subject and the methods appropriate

to teaching it. The second seminar, Computers.in Higher Education, was 1161d

to consider CAI and other computer uses in college curricula, and did no-. make

specific recommendations. The papers and-discussion summaries of both sessions

should be available scion from OECD -CERI, 2 rue Andre Pascal, Paris.

Decemb er- 1970
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A symposium on Biomathematics and Computer Sciences in the Life Sciences was

held in Housten, Texas, March 23-25,'1970f to inform investigators of re-

-searchand aiTlications of biomathematics, computer science, andbioengincer-

ing in the,life sciences and to provide a forum for the exchange of ideas

concerning new research-and applications.

The Computers and Design Conference was held April 20 -22, 1970, at the

University of Kentucky in Lexington to examine .e effect, that high speed

information handling equipment has had upon the environmental design pro-

fession. Proceedings should be available early in 1971, For information,

contact Michael Kennedy, Chairman, Conference Committee, School of

Architecture, Pence Hall, University of Kentucky, Lexington, Kentucky 40606.

A conference on Computers tn the Undergraduate Curr jcu.l was held at the

University of Iowa in June 197d with financial suppo he National

Science Foundation. The goal was to provide a nat4nal forum for the
esentation, discuSsion and dissemination of as programs and other

c ricular materials dealing with the use a computer in'Andergraduate

educ Lion and to assess the needs for continuing national tforum for study

of co ter use in undergraduate c ricua. Preliminary ProCeedings were,

distribu d at the.Conference. nformation about the final proceedings may

'be obtain from GI P. Waeg-,-Dixector, Iowa Regional Compute enter,

W 17 East !jai U ivers-ity of Iowa, Iowa City,, Iowa 52240.

The Michigan'Departm n
corlerence on Computer

of Education and the I
kpplications to iearni

to provide educational a ministrators with_bas

of computer technology to administrative and
information on proceedings contact INDICOM P

Pontiac, Michigan 48054.
, .

iICUM Project sponsoree a
g July 8 -10, 1.970, in order

c facts concerning applications
structional problems. For

ect, 1325 Crescent Lake Road,

In August 1970, the Commission on College Physics and the Illinois Inst

of Technology held ,a Conference on Undergraduate Science Education. The'

prupose is to- consolidate the body of existing knowledge on the uses of computers

ineducation,-p rticularly in physics and math, and to aid in the disseMination

of knowledge regarding recent advances. It will replace the proceedings'cl

the 1965 confere* (see page 7). For information contact Ronald Blum, CCP

021 Hartwick, College Park, Maryland 20740.

The International Federation for Information Processing (IFIP) held

World Conference on Computer Education in Amsterdam, The Netherlands, in

August of 1970. Three plenary sessions on current'developments in computer

education, educational technology and the impact of compaira on society

and education were followed by corresponding workshops and round table

discussions. Preliminary proceedings were distributed at the Conference

and a final proceedings, including some record of discussion and recommendatiors,

will be published shortly afterwards. For information contact A. i. M. Veenhuis,

Stadhouderskade 6, Amsterdam, The Netherlands.
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Feldhusen, John and Michael Szabo. "The Advent of the Education Heart

Transplant: Computer Assisted Instruction: A Brief Interpretive Review

Contemporary Education, Viii. 40, No 5, 1969. pp. 265-- 274.

Feldhusen, John. A Position Paper on CAI Research and' Development. Stanford

University; ERIC Clearinghouse for Educational Media and Technology, 1969.

22 pp.

Feurzeig, Wallace. "Education Potentials of Computer Technology". 1968,

sponsored by the Kettering Foundation, Bolt Beranek and Newman. Defense
Documentation Center #1672,

Gentile, J. Ronald (b). "The First Generatiot of Computer-Assisted

Instructional Systems: An Evaluative Review," Audiovisual Communication

Revico, "Vol. 15, No, 1, 1967. pp. 23 - 53.

Gerard, Ralph, (ed.). Computers and Education. New York: McGraw-Hill, 1967.

303 pp-.

Harmon, Harry H., Helm, Carl, E., Loye, Davl E. "Computer Assisted-Jesting,

Proceedin a Conference "; Educational Testing Services Prin,e:or;.. N.J. 1968.

Hansen, Duncan. "Computer Assistance with the Educational Process," Review of

Educational Research, Vol. 36, No5, 1966. pp. 588 - 503.

Helmer, Ralph, (ed.). Computer-Assisted Instruction and the Teaching of

Mathematics: Proceedings at The Penns lvan a State Univers

September 24 - 26, 1968. The National Council of leachers of Mathematics,

1969. 152 pp.

Hickey, Albert E., (ed.)-(a). Computer-AssistedInstruction: A Surve of the

Literature, Third Edition. Newburyport, Massachusetts: ENTELEK, 1968. 89 pp.

Hickey, Albert E., (ed.) (b). InStfuctional Stratuies Appropriate to

Computer-Assisted Instruction: yroceedings of a Conference. Sponsored by the

Office of Naval Research, Techr cal Report No. 9. Newburyport: Massachusetts:

ENTELEK', 1968. 28 pp.

Holtzman, Wayne, (ed.). Computer-Assisted Instruction Testing and Guidance.

New York: Harper and Row,,,,in press.

Holznager,-Donald. Computer Education Resource Catalog. Salem, Oregon:

Computer.Instruction NETWORK, 1968., 45.pp.

Jet-man, Max, "Characteristics of CAI Configurations from an Author's

Viewpoint,- Com uter Assisted Instruction and the TeachinaILMIthmatics.

Washington, D. C.: National Council of Teachers of Mathematics, 1969.

pp. 24 - 44.
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Kochen, Manfred. "Information Sciences and Computer Aids in Education,"

The Information Bazaar, L. Schultz, (ed.). Philadelphia: Medical Documents

Service, May 1969. pp. 209 - 220.

Lekan, Helen, (ed.). Index to Computer Assisted Instruction. Second Edition

Boston: Sterling Institute, 1970. 295 pp.

Levier, Roger, (director), RAND Corporation. Study on Current Trends for the

Instructional Use of Com users and Guidelines for Achievin A..ro riate Use

of Computers in Instruction. Santa Monica: Kerr Commission on Higher

Education, in press, 1970.

Lockard, J. David, (ed.). ComPuters in Undergraduate Education: Mathematics,

Physics, Statistics, and Chemistry: Proceedings of a Conference at the University

of Maryland. Sponsored by the National Science Foundation, December 8 - 9, 1967.

74 pp. Available from the Office of.Computing Activities, National Science

Foundation, 1800 G Street, N. W., Washington, D. C. 20550,

Margolin, Joseph B. and Marion R. Misch. Educe: a in the 7022,s.,IRe'sFip2st.

Washington, D. C.: The -George Washington University, 1967. Grant No.

'OEC 2-7-070400-2873. 326 pp.

Molnar, Andrew R. and Beverly Sherman. U. S. Offie of Education Support. of

Computer Activities. Washington, D. C.: U. S. Department of Health,
Education, and Welfare, Olfice of Education, January 1969. A five page

summary of the, report appears in Educational Technology, Vol. IX, No. 4,

April 1969, pp. 5 - 9.

Morgan, Rob.--t. A Review of Educational Apnlirations of the Computer,

Including t e in Instruction, Administration and Guidance. Stanford

ERIC Clearingw se, 1969. 12 pp
i

National Council for Educational Technology. Proceedings of a Seminar on
Computer Based Learning., Systems, John annett and John Duke, (eds..-). London:

National Council for Educational Technology, March 1970. 99 pp. Available from

Books for Schools Ltd., Councils and Education Pres..; Ltd., 10,Queen Anne

Street, London WIM 9LD,,England.

Pierce, John R., (chairman), Science Advisory Committee. Computers in

Higher Education: Report of the President's Science,Advisory Committee.

Washington, D. C.: U. S. Government Printing Office, February 1967. 79 pp.

Scheepmakelc B. and Zinn, Karl L. Preliminary Proceedings of the World

ConfereasemComputers in Education. Sponsored by the International Federation

for Information Processing (IFIP). Amsterdam: 'Fir. August 1970.
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American Federation of Information Processing Societies (AFIPS), 211 E. 43rd

Street, New York, N. Y.. 10017. The Fall-Joint Computer Conference (FJCC

and Spring Joint Computer 'Inference (SJCC) include sessions relevant to

instruction, but often under such headings as systeM design, programming

languages, and natural language processing, as well as under computer-assisted

instruction. The Conference Proceedings of FJCC and SJCC are published by the

AFIPS Press at the time of the meetings (usually November and April); before

1969, proceedings were published by Thompson, Spartan and others.

American Psychological Association (APA), 1200 Seventeenth Street, N. W.,

Washington; D. C. 20036. Educational Psychologist is the official newsletter

of Division 15 (Educational Psychology) and is published three or four times

a year. Corizspondence and contribution's should be directed to Richard E.

Ripple, Editor, Division of Educational Psychology, Stone'Hall, Cornell '

University, Ithaca, New York 14850. Subscriptions are $1.00 per academic

year.
The Journal of Educational Psychology is a bi-monthly publication which

includes articles and reports associated with problelis of learning_ and

teaching ($10.00 per year). Manuscripts and correspondence On editorial

matters should be seat to Wayne H. Holtzman, Editor; University of-Texas,

Austiv, Texas 78710'.

,

Ass- ociation for Computing Machinery (ACM), 1133 Avenue of the Americas,

New York, N. Y. -10036. A number of the monthly issues of Communicat..ons of
the ACM include articles on use of computers for instruction. Often these are

concerned with the training of computer programmers, technicians_ and users.

The Education Editor is Peter Wegner, Department of Applied MathematicS\,,BrolA

University, Providence, Rhode Island 02912\Sections on programming'1a4uages-
and computational linguistics occasionally are relevant to instructional \\

programs ($20.00 per year).
The Journal of the ACM includes relevant material on ly occasionally, but\---\

issues of ComputingReviews frequently have abstracts of technical reports and;

'papers from projects using computers for instruction.
Computing Surveys began publishing quarterly in March 1969 as the survey a

tutorial 3-citifiMof the ACM ($7.00).
The Association has a Special Interest Group on Computer Uses in Education;

the current. hairman is Karl L. Zinn, 1315 Hill Street, Ann Arbor, Michigan 48104.

A bulletin, Interface, is issued five times a year with membership at $4.00

per-year. It contains technical reports, material on the technical programs

of ACM, and information about special meetings and mork'shops in the field of

computers'and education. The group also plans sessions for.meetiugs,of ACM
(August) and AFIPS (usyally November and April). The AdSeciationhas

numerpuo other Special Interest Groups and Committees which may be foUnd

under the specific discipline in the :text section.
0

0
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Association for the Development of Instructional Systems (ADI8), C.-Victor

Bunderson, Chairman, CAI Laboratory, Sutton Hall, University of Texas, Austin,

Texas 78721, and Helen Lekan, Secretary-Treasurer and Newsletter-Editor,

Instructional Media Laboratory, University of Wisconsin - Milwaukee,.

aukee, Wi'soonsin ,53201. ADIS Newsletter, issued monthly, provides for

the'exchange of system programs and instructional materials among its members .

($6.00 per year). The Association, which meets twice a year, starte as a

group of IBM1500 Sytem users. While it is now open to users of any CAI

equipment, most members are IBM users interested in Coursewriter and APL.

Assotiatiop for Educational Data Systems (AEDS), 1201 Sixteenth Street, N. W.,

Washington, D. C. 20036: AEDS Monitor, the magazine of the Association, is

published 11 times each year; most Material has been on data processing

($15.00 per year). Material for publication shoUld be sent to Dean b.

Crocker at the Iowa Department of Public Instruction, Des Moines, Iowa 50319.

The Journal of the Association of Educational Data Systems, published four

times each year, includes many articles on computers and education ($10.00 per 't

year). Br4e Alcorn is editor.
The annual meeting of.th Association in March or April always includes

sessions-ontomputers_and_I truotion...A series of workshops on educational

data Processing held at va ious locations dUaiig 1967-68 included sessions on

CAI; proceedings are avai able from AEDS.

Automated Education Center, P. O. Box 2658, Detro).t, Michigan 48231. Frank

H. Gille, Publisher: The Automated Educltioa Handbook ($35.00) and a

newsletter Automated Education ($18.00 per year) provide information about

programmed instruction, audio ald visual media, and computer assistance,

Most of the:material in the new letter Is selected from news releases and

other publications for potential"educationalusers of computers. Handbook

intlndes research reports, disussion_of procedures, and summaries of

technology and applications-AEC recently started a monograph series

- 'reprinting technical reports an -tutorial materials.
A

Berkeley EnterprIees, 815 Wathington Street, Newtonville, Massachusetts 02160.

Edmund C. Berkeley, Editor and Publither. Computers and Automation is a

monthly journal; articles are-usually informal and descriptive. Sometimes

-information about' a new project appeart_here before_it is reported more

formality. usually -each March issue carries a set of articles on "Computers,and

Educatidn' ($15.00 per year). Berkeley also publishes books and monographs

bearing on computers in,education.
Berkeley and Computers and Automation operate'and maintain a PDP -9

computer (made by Digital. Equipment Corporation) using more than half a dozen

interactive programming languages, including LISP, FOCAL, DDT, and EXPL. One

of the'main purposes of this installation is research and investigation in

learner-controlled computer-assisted instruction.

I
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Computer-assisted Instruction, Inc. (CAI, Inc.),, ill West. Monroe Street,

Chicago, Illinois 60603, Dr. RoY4rt C. Kyle, President. CAI, Inc. speci lines

in design, development and implementation of training systems. One-day

seminars directed to bysiness, industry, government and schools consider the

present and future potgritiallor use of compUters in the educational and

training process. Subscription fees.vary.°

Computer Decisions. See Hayden Publishing Company.

Computers and Automation. See Berkeley Enterprises.

Computer Education Group, an affiliate of the British Computer Society and

Schools Council Project Technology, c/0 Chairman, North Staffordshire

Polytechnic, Department of-Mathematics, Science & Computing, Beaconside,

Stafford,- England. The two organizaticns-collabonate in the publication of the

quarterly bulletin, Computer Education. Originally intended for readers in

the United Kingdom, recent issues have increasing relevance for an international

audience. The editor is B. Bowker, Enfield College of Technology, Queensway,

Enfield, Middlesex, England.

Datamation. See Technical Publishing Company.

Data Fro essing four Education, 1309 Cherry Street, Philadelphia, Pennsylvania 19107

is a mo hly newsldtter (formerly published by the Automated Education Center).

It cusses current and projected programs and publications in the field of

computers in education of both national and international scope ($36.00 per year).

Data Processing Magazine. See North American Publishing Company.

--

Edirdtional Data Processing, Journal of. See Educational Systems Corporation.

Educational Systems Corporation, Dr. Murray Tondow, Prgsident, Stanford

P.O. Box 2995, Stanford, California 94305. Las non-profit group publishes

the-Journal.of Educational Data Processing (quarterly), including articles

on uses of computers for instruction, especially Apr the to r.hing of

programmers aad technicians. The Fall 1967, Spri g 1969 and Summer 1970

issues are devoted to CAI. Alvin Grossman,is ea or ($9.00 per yeas)..

Educational Technology, Journal of. See National Council for Educational Technology.

Educational Technology Publications, Inc., 140 Sylvan Avenue, Englewood Cliffs,

New Jersey 07632, publishes books and monographs on the educational use of

computers as well as the monthly periodicals Educational Technology, which has

one or more articles or notes on instructional use of computers in each issue.

Ihe`March 1970 issue is devoted to "The Computer and Education." Lawrence

Liositz is editor (,$18.00 per

EDUCOM (Interuniversity Communications Codicil, Inc.), Box 364, Princeton,

-New Jersey, 08543. -Henry_ hauncey, President. The central office dis-

tributes a bi-monthly-pa4cation, EDUCOM, The Bulletin of the
Interuniversity

Communications Council, without charge to the faculty of its 105 member

institutions of higher education; TheBuiletin is also availableon a

subscription basis at_$10 per year -or $5per year to educational institutions.

Project-TWE
December 1970
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Needs in the area of computer uses for instruction are reviewed, along with

o!er topics, by panels concerned with technology and applications. A set of
documents n-J programming languages and technical assistance for authors was
prepared in cooperation with the'tenter for Research on Learning and Teaching,

University of Michigan. Copies of this comparative study of languages,
partially funded by the Office of Naval Research, axe available from Educom.

The recently organized Educational Information Network (EIN) is administered
by Educom. Funded by USOE and NSF, EIN is developing a pilot network which
will assemble directory and information services, recommend standard practices,
and facilitate cost sharing of communication circuits-and special computer
facilities for remote use or for information exchange.

Egtelek, Inc., 42 Pleasant Street, Newburyport, Massachusetts 01950. Albert

Hickey, President. Entelek conducts a CAI/CMI Information Exchange originally
contracted for by ONR which periodically distributes abstracts of CAI and CMI
research dobuments, summaries of operational CAI programs, and deScriptions of
individual CAI facilities. Five by eight inch data cards are mailed in
multiple copies .for cross-indexing andare accompanied by author; subject, KWIC,
and bibliographic indexes. ONR originally-paid the costs for about 60 institutions
active in. the CAI'field and in the exchange; subSidy is no longer necessary
and all participants now subscribe at $150 per year. Entelek has'proposed a

new journal called Computers in Instruction; William R. Uttal would be the editor.
Entelek assists with CAIinterest group meetings, publishes summaries, and

distributes an occasional newsletter, entitled CAI/CMI Letter. The'first
three editions of CAI: A Survey of the Literature, based on data in the
information exchange, were published 1966, 1967 and October'1S68. The fourth

edition is in press. Proceedings of the Entelek regional meet ,gs are
currently-in process and information on them may be obtained by writing to
Sally Birch, Entelek.

ERIC ClearinghOuse on Educational Media and Technology, Institute for
Communication Research, Stanford University, Stanford, California 94305.

1

The current report literature is indexed and abstracted in Research in'Edueation
($21.00 per year, U. S. Government Printing Office, Washington, D. C. 20402),

while journal literaf-,r' is indexed in Current Index to Journals in Education
($34.00 a year, CCM mation Corp., 309 Third Avenue, New York, N. Y. 10022).

Supported by ice of Educe ibn, it has been chartered to collect,
review and abstrad pub cations and docr-ents of, importance in the various
media areas, uter-us sted 1.strnetion, ana to prepare thee., for-
indexing and storage in a ccessed date base. While the Clearinghouse
does not collect actual teaching materials, it does prepare and publish summary
papers on the state-of-the-art in different parts-of the field (see Feldhusen,
Morgan and Zinn in Section 1). Documents are available from the ERIC Documents-.
Reproduction geririce in Maryland in microfiche or photocopy. JERIC at Stanford's
regular newsletter is free upon request.

December 1970
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Education and Training Consultants Co. (ETC), 12121 WilshirOpulevard, Los

ttngeles, California 90049 (Mailing: Box 49899, Los Angeles 90049). Dr.

Leonard C. Silvern, President. Three-day to two-week training programs in

"CAI Systems" and "Advanced CAI Systems" are presented in Los Angel-a-each

February, July'and November. The same nurses are given at various locations

in the United States on a contract bas . This commercial organization publishes

technical reports in the Systems Engl. _ering of Education Series, filmstrips,

sound-slide presentations, CAI courses and news releases in ,the area of

education, training attic' `systems techniques.

Hayden Publishing Company, Inc., 850 Third Avenue, New York, N. Y. 10022,

James S. Mulholland, Jr. President: Computer Decisions is a monthly magazine

which includes-articles on information systems, automated processing and

problem solving. Robert C. Haavind is editor in chief.

/

The Institute for Advanced Techr-logy (IAT), CEIR Inc., of the Central Data /
/

Corporation, '5272 River Road, Wasylington, D. C. 20016. CEIR holds three-day

seminars on Computer Assisted Instruction for those involved in education and

trainipg fdnctions. No prior computer knowledge is necessary.

Institute for Computer Assisted Instruction '(ICAI), 42 East Court Street,

Doylestown, Pennsylvania 18901. Dr. Alex B. Kyle, President. This commercial

organization h4ds. A number of conferences, meetings, training workshops for

instructional programmers, and public one-day briefings each year. It plans/to

publish an annual state-of-the-art review and also the CAI Newsletter (8 issues,

$12.00 per year).

Institute pf Electrical and Electronic Engineers (IEEE), 345 E. 47th Street,

New York:iN. Y. 10017. Proceedings of the IEEE occasionally is devoted-,

enUrely'to computers and related subjects,. The'last such issue was December 1 66,

which contained some-papers on computeY--aidgd instructioni',The November 1967

issue was devoted to computer-aided d4ign t$22.00 per year, single copy of

special issues $4.00). IEEE Transactions on AMan-Machine Systems (name changed
from Transactions on Haman Factors in Electronics). IEEE Transactions on_
Education and IEEE Transactions on Systems Science and CyllerletiCs often include

relevant papers. A special issua of, the first journal, June 1967, contained

eight articles focused on computers and education. Subscription piices vary

(single copy $5.00).

Instr-ltional Media Laboratory (IML), University of Wisconsin -- Milwaukee,

Maws tee, Wisconsin 53201. Directed by Robert E. Hoye, the'laboratory is
primarily concerned with the University of Wisconsin System; nevertheless it

prepares an Index to Computer Assisted Instruction now published by Sterling

'Institute and edited by Helen Lekan (see Lekan, Section 1).

Project CLUE
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International Federation for Information Processing,.6 Stadhouderskade,

Amsterdam 13, The Netherlands; congress Office, 23 Dorset Square, London N. W. 1,

England. Proceedings of the IFIP tri-annual congresses often contai, technical

papers related to computer applications in educdtion. Proceedings of the 1962,

1965 and 1968' congresses should be available from the North-Holland Publishing

Company, P. 0. Box 3489, Amsterdam. Special meetings are held occasionalily,,such

as the World Conference on Computer Education in Amsterdam, August 24'28, 1970.

The °National Association of Secondary School Principals (NASSP), 1201 16th

Street, N. Wto Washington, D. C. 20036. During 1970 the Committee on Computets

4-i-, -
n Education of the NASSP offered a series of seminars on potential uses of

the. computer in various parts of the country. Co-sponsored by Sterling

InStitutei the seminars included an explanatiOn and actual use-of CAI programs.

in various curriculuni areas, use of the computer in the classroom as a problem-

sdlving tool, exploration of CMI and IPI as well as exposure to and use of new

instructional techdOlogies. The seminars are intended primarily for secondary

school principals. Registration fees from $115 to $170 for a two and one-half

day session.
1-211 -.

National issnciation of UseriThf-Computer Application to Learning (HAUCAL).

Mr. John Grate, Associate Director, Trcgram Research Design, Cincinnati

Public Schools, 320 East 9th Street, Pincinnati, Ohio 45202. This

gior.!o was organized by large school systems having CAI ojects. The initial

purpose was to present a defined, unified market to hardware and software

vendors interested in CAI. Plans include a centralized dissemination of

information on CAI 0.members

National Catholic Education -Association, 1 Dupqnt Circle, N. W., Washington, D. C.

20036. The Association publish a, calendar of all national and regular

educational meetings each year. Entries give dates, places, tentative agendas,

discussants, etc. ($1.80 per year).

National Council for Educational Technology (NCET), 160 Great Portland Street,

London, W 1, England. The Journal of Educational Technohat is the official

publication of the NpET. It began publishing three issues per year in

January 1970. The petAbdical is concerned primarily with the theory,

applications-and development of aducationfil technology and communications, and

includededitprials; research reports and articles. ( 34108 per year or 0.40).

5

.

National EducAtion Associatiori,
1201~ 16th Street, N., W., Washington, D, C. 20036.

AudiovisuallEstruction is published ten times per year by the Department of

Audiovisual Instruction (DAVI) of the NEA. _Material for,publidatiwi should be

sent to the editor, Ann I:. Hyer,(.18.00 per year). The Audiovisual Communication

Alaview; published quarterly by DAVi occasionally includes research reports -and

survey articles ($8.00-per yeat). DAVI holds an annual conference each spring;

die 1971 convention will:be had in Philadelphia from March 21 through 26.

Decembet 1970 Project
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National S'ocietv ed Instruction, Tr- t'nlversitv, 715 Stadium Drive,

78212.San Antonio, Tetra 782. annual meeting .usually scheduled for. April and

includes sessions on instructional use of comPuters. NSPI Journal is the official

. monthly publication of the Society (not published in January and August). _Elaine
Davis is managing editor. Th journal contains articles on all facets Of
-inserbctional programming I-es-well as some newsnotes; computers are receiving

increasing attention. Annual subscription is $20.00 for no-members; $5.00. for
members.

North American Publishing Co.,.134 North Thirteenth Street,'Philadelphia,
Pennsylvania 19107, 1. J. Borowsky, President. )2121epeemitit'im.
trade journal that appears monthly. It contains a section on the use of
Horepers in education.; Rartin Nussbaum is editor. (S8.50 per year).

Organization for Econo c Co- Operation and Development (OECD)_ Centre
Educational Research/and Innovation (CERT), 2 Rue Andre Pascal, Paris
France. Originally concerned with economic redevelopment cif Western Europe,-

_OECD is now focusing its attedllion on social and educational proBlems CERI

is reviewing computers and other technology for educational innovation. The

pioceedings of'meetingsfield in March 1970 are'iikely to be ava'ilablo soon.

1-SyStem Development Corporation, 2500 Colorado Avenue, Sililta Monica.; California
e

90406. The SAC Magazine (monthly) occasionally includes articles ork uses of
,.

computers for instruction, especially uses in systems training projects conducted
by System tevelopment Corporation. Available SDC publications are listed-each
.month On the last page- of the magazine. Discontinued in 1970.

,/ _,
/

I i

1. Technidal Publishing Co., 94 South Los Avenue, Pasadena, California 91101,
. .

publishes Datamation, edited.by Robert B. Forest. This trade journal includes

occasional articles on the use of computers in" instruction. A special issue ine
computers and education appeared in September 1968. _Subscription inqu'ries should
be directed to Datamation, 35 Mason Street, Greenwich, Connecticut 06830.

Issued 26 times per year ($25.00 per year).
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SUMMARY 1U j.__113E OD7CA4LS FO OMPUTERS TIC EDUCATION

N - Newsletter: news, announcements, abstra'ilts

.B - Bulletin: technical reports, position statements (viewpoints), news

M Magazine:' tutorials, position statements,
informal reports, some news

J - Journal: refereed papers (technical reports,-research
findings, and surveys,

reviewed before acceptance for publication)

Eachperiodical is listed in a column for the audience of computer users and

specialists-to which it/appears to be primarily directed; a secondary audience

sometimes is indicated'in parentheses in another column.*

C&IP -Computer and information. processing
scientists and teachers-of

/

computer studies

E&IT : Educational and instructional technologists-

EP ' Edutational psychologists

Adm Administrators

PERIODICAL/ C&IP E&IT

ACM
Communications of the ACM B/J

Computing Surveys J

Bulletin of\thesSpecial
Interest Group on computer

uses in education

(INTERFACE)

Computer Education
'B

Computers and Automation'

Data Processing Magazine

Computer Decisions

M

(B)

EP Adm

* Di.kipline oriented periodicals that contain infoimaion* the

instructional use of:computers such as the Journal of Engineering

Education or Computers in the Humanities are not included in this

table. They appear ih Section 3 which provides -- information on the

edudational use of computers in specificidisciplinesi.t

December 1970
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0

PERIODICAL C&IP' E&IT EP Adm

IEEE

Transactions on Edutition

Transactions-on Systems
Science and Cybernetics

Transattions on Man -

Machine Systems

International Joilrnal'of Man-

Machine Studies

J

J

J

J (J)

EDUCOM Bulletin
(B)

(Computer Contributions to

Learning and Teaching,
proposed by Elsevier) (J) J (J)

ADIS Newsletter
(N)

(Instructional and Learning

Science, proposed by Elsevier) (B) J
'

NEA 1

Audiovisual Instruction
M

Audiovisual Communications
J

Review

Entelek CAI/CMI Letter

(CAI Letter, proposed by the

Institute for Computer Assisted

Instruction)
945t--r.

Automated Education Letter

N

M

N

Data ProceSsing for Education

EdUcational Technology

Journal of Educational

Technology (NCET)

NSPI Journal

J

7
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PERIODICAL

AERA
American Educational
Research Journal.

.

Review of Educational

Research

Educational Reiearcher

APA
Educational Psychologist

Journal of Educational
Psychology

AEDS
Monitor

Journal of AEDS.

Journal of Educational Data

issue)
(annual special

Assue)

December 1970
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-4. PUBLICATIONS AND PLANNING GROUPS ORIENTED TO VARIOUS SUBJECT. AREAS

Information listed in this section specifies professional organizations

which provide information or publish materials on the instructional use of

computers in their field. Some of these organizations have been extremely

active in providing materials and assistance to members wishing to utilize

computers in their teaching activities; others are only now realizing the

importance of computers and recognizing their responsibility to disseminate

j'information, organize working groups,'minimize duplication, etc.

29

A teacher interested in locating existing computer-based material for use in

his course can consult various guides or indices such as those prepared by

Entelek and Sterling Institute (see Section 3). However, it would be of

considerable advantage to him if there were a library of these materials

and annotated listings within his discipline. Ultimately, such libraries

should include evalbitive critiques to assist the user in selecting the most

appropriate materiarsOor-his needs. .(See also Appendix C of Volume II on

recommended programs for professional societies.)

The material, in this section does not -detail the ae'-t-lkities of all profession'al

organizations; rather, it is meant only indicae-the extent of activity

within a discipline orientation and the prospects for assistance to individual

teachers from this.quarter. The section is intended as a preliminary guide to

teachers and administrators within each discipline who'may be unaware of the

specialized assistance available to them.

Contents:

1. Humanities (page 30)

a. General
b. Art
c. _Languages and LinguistiCS.,

d. Literature
e. Music

2. Mathematics and Physical Sciences
_'(page 33)

a. ,General
b. Mathematics
c. Computer Science

d. Physics
e. Chemistry
f. Biology
g. Geology

3. Behavioral and Social Sciences (page 39)

a. General
b. Psychology
c. Sociology
d.,,Political Science
'e. Geography-

f. History

4. Prbfessions (page_42

a. Architecture
b. Business
c.. Education

d. Engineering
Journalism

f. Law
g. Library Science

h. Medicine and Dentistry

- Social_ork-
j. Urban Planning
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]: Humanities

a. General ,

1. Organizations

Special Interest Group on Arts and Humanities
4meritan-Society for Information Sciences (ASIS)

vIi40 Connecticut Ave., N.W., Washington D.C. 20036

b.

2. Publications

Computers and the Humanities
Queens College of the City University of New fork
Flushing, New York 11367

September 1969 issue contains proceedings of a two -day symposium
at Queens College, May 9-10,-1965, "Humanities; Computers 69.-"

Specific, topics are covered in many other issues and articles,
and the sections on "recent publications" and "book reviews"
provide many, leads to other information

Computer Studies in the Humanities and Verbal Behavior
Floyd Horowitz, Editor / -
University _oaf Kansas

Lawrence, Kansas

Boehm, George A.W., "New Graphics for Arts and Science," Think,
March -April 1969, IBM, Armonk, New Yolk-10504

Bowles, Edmund A. {ed.) Computers in Humanistic Research,
Prentice - Hall, - .Englewood Cliffs, NewJersey, 264 pp., 1967.

Presents Short surveys Of the use of-computer/in different fields
of_the htmanitieg-and social sciences.

Sedelow, Sally Yeates;-"The Computer in the Humanitieb and Fine
Arts," Computing Surveys, Vul. 2, June 1970.

Art

1. Publication

Paquette, Russell, "Cybernetic' Art: The Computer as Renaissance
Man,-" SDC--Magazine, Vol. 12, No. 4, -April 1969, System Development

Corporation, 2500 Colorado Ave., Santa Monica, California 90406.

c. Languages and-Linguistics

1. Organizations

Modern-Language Association of America=
62 Fifth AVenue, NeW York, N. Y. 10011

ACM-Special Interest Grbup on Language Analysis and Studies
in the Htmanitiei-(SIGLASH)

c/o ACM National-Headquarters
1133 Avenue of--the_:AMericasNew York, N.Y. 10036

SIGLASH Bulletin, 5- issues per year

December 1970

lk _ t

project CLUE



I App A SourcW.,

me"

ERIC Clearinghouse on the Teaching of Foreign Languages

Modern Language Association
62 Fifth Avenue
New York, N. Y. 10011

Abstracts of _documents on commonly taught languages.

ERIC Clearinghouse ofLinguistics
'Center for Applied Linguistics
1717 Massachusetts Avenue, N. W.

Washington, D. C. 20036

Abstracts-v'of documents on lingtiistics and the less-taught languages.

A.

31

ERIC_Clearinghouse on -the Teaching of English

National Council of Teachers of English

508 South Sixth Street
Champaign, Illinois 61820

Abstracts of documents on English language and literature,

2. ither iublications

-Computer Studies-La-the Humanities and Verbal Behavior

Floyd HOrawitz,-Bditor
Univexsity of-Kansas

_--- Lawrence, Kansas

Subscription address:
CompnteX Studies in the Humanities and Verbal Behavior

Mouton
P. 0. Box 1132
The Hague, The Netherlands

d. Literatur-e

1. Publication

Calculi
Stephen V. F. Waite, Editor
Department of Classics

-Dartmouth College
Hanover, New Hampshire 203755 .

$10.00 per year

Bimonthly _newsletteT dealing with progress in the use of computers in

classics, as well as bibliography and_news -notes about conventions

and neetinga. No charge for current_iasues.
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e. Music

1. Publicationsk

App A Sources

_

Alivin, Raynold, "Computer-Assiited Music InstrOetion: A Look at

the Potentibl," A Laboratory Report, September 1968, Oakland

University, School of Music, Rochester,-Michigan 48063. :

Thrke, Walter, Final Report, "An Experimental Study-:of the Validity

and Effectiveness of an Automated Rhythm Trainiiig-Program," ERIC

Document Reproduction Service, 4936 Fairmorft Avenue, Bethesda,

Maryland 20014, TiVa

Deeetithex 1970
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:2. Mathematics and Physical Sciences

a. General

1. Organizations A

American Assiciation !-;or-:rtlieAdvancement of Science

1515 Massachusetts rerettiig,..._
, -

Washington, D. C. 2000.16:.-'

Science, a weekly magazine which occasionally carries articles

on computer use iniedudation.

1

-Natinital-Council ofTeache4 of Mathematics (NCM)-

-.1201 16th Street, Ni W.

iWashington,-D. -p0036

National Science Teachers ASsociation

1201 16th Street, N. W.
Washington,'D.- C. .20036
Robert'R. Carleton kftatutive Secretary

Science Teaches Journal

"Computers,--Theo ari&Uses-', prepared by NSTA for secondary school

classes,' this unit has -both a-Student's Manual and a Teacher's Guide.
The-Manual-givesbaslic infortation on-computers, how they operate,. ,

and their place ind'usea in today's world: The-guide includes source

and-reference materials, 1964- Individual titles $1.00.
-

b, Mathematics.

P
1. {Organizations

"Computer Assisted Instruction and the-Teaching of Mathematics,"

Report of a, notional co ference, 1969, 152 pp., $2.00.,

-._-

1

"Computer faci ies fo MathematicS Instruction,"Jnformatioa

on-educatio abuse's of computers at the secondary school level,

1967, 47 ppA, $.90.

"Compute ented Mathe ics," Basic principlesof automated

computat n as they rela

:204 pp. 50.

to mathematics, illuktated, 1963,

Intro ion to att Algox thmic Language (BASIC), 1968,

49/PP $1.40.

-065- uterApplications for.Mathetatics Baudation - Selected

Bi liOgraphyi" January 196 7 pp. no charge.

Journesearc-in-liath natics Education, quarterl

tiY-
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*ember 1970

I



34

The Arithmetic Teacher
The Mathematics Teacher
Both 'are pUblished 8 times a year with occasional artitles on

the use of:COm jiters in teaching and learning. The Mathematics

Teacher coi,ta ns a regular column on "Computer-oriented

Mathematics
k

Mathematics Association of America (MAA)

1255 Connecticut *nue, N.W.
Washington D.C. 20036' c

I App A Sources

Committee'on khe Undergraduate P#ogram In Mathematics (CUPM)

Dr.' Herbert Grleenberg, Chairman

CUPM Newsletter
CUPM Centre Office

P. O. Box 1 f 4
Berkeley, California 94701

Editors: Ge ald Leibowitz and Geor e Pedr ck
-

Committee on Edu tional Media=

P. O. Box 2310
San Francisco, Ca ifornia 94126

S.

Center for Research-in C liege Instruction of S

and-Mathematics'(C CISAM)

Dr. Guenter Schwarz, Dire tor
212 Diffenbaugh

-Florida State University.
_TallahasSee, Florida 32306

Computer7related cou se ire calculus

ACM Special Inter Groups on:

Numeridal Mathematics (SIGNUM) Newsletter

Mathematical Progr g (SIGMAP) - Newsletter

SytiVO4c_arid Algebrai' ManipulatiO (SIGSAM) - Bbll'tin

c/o ACM_Natio61 Headquarter
1133 Avenue o =the Americas
New York,. 'N., L -1 #0036
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2. Other Publications

Post, D., ''The Use of Computer§ in Secondary School Mathematics,"
1970, 251 pp., $4.95. Available from Entelek, 42 Pleasant Street,
Newburypdrt, Massachusetts 01950

Computing Concepts in Mathematics (CCM).
Educational Plahning-
Science Research, Associates, Inc.
259-EaSt Erie Street
Chicag-O-illlinois 60611

-----

This two semester course is desiiped_to give secondary and
college students-insight into computing and the use of the
computer as a tool in the Study of mathematics,

CAMP (Computer- Assisted Math Program)
David Johnson
University of Minnesota
Minneapolis, Minnesota.

c. Computer Science

1. Organizations

ACM Special Interest Groups n:

Computer Science Educatio ,(SIGCSE) --Bulletin
kt ComputerGraPhitsm(SIGGRAiH - Newsletter COMPUTER GRAPHICS

Real-Time Processing_(SIGREAL) - Newsletter
Computer Personnel ,Resources (SIGCPR) Newsletter-
University Computing Centers (SIGUCC)_- Newsletter's,

A§sociationIor Educational Data Systems (AEDS)
1210Sixteerith Street, N. W.
Washington D.C. 20036

AEDS Monitor - monthly newsletter
Journal of-AEDS quarterly
= Spedial attention to secondary school programs

d. Physicsmm

1. _Orgadizations-

Commissicin-on College Physics -(CCP)

John M. Fowler, llirector
(Department-of Physics-and Astronomy)
thiversitY-Of Maryland.

4321-Hartwick Road _

College Park, Maryland 20470;

Project CIAJE lkftenber 1970
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The Computer in Physics Instruction, proceedings, of a
Conferendt, November 4-6, 1965, at thelniversity of
California, Irvine._ Previously available from Commission on
College PhySics; to be replaced by the proceedings of the

1970 conference.

Conf rence on "CoMputers in Undergraduate.4clende Edudation,"
hei d at the Illinois Institute of Technology, Chicago,
August 17-21, 1970, sponsored by,CCP and ITT.' Preliminary
proceedings were available at the conference and the final
proceedings are expected early in 1971.

Alfred B. Bbrk, Arthur Luehrmann, and John-W. Robson,
(Ronald Blum; ed.), kitraluctosed.tlechics:-Aan'
One Week Sample Course,,November1968.

Ronald Blum (ed.),-comutersadedolo,
September 1969

Ronald Blum,and Alfred Bork, "The Computer in the Physics
Curriculum, American Journal- of-Physics, July 1970.

Center-for Research din- College Instruction of Seiende and MAtheiatics

(CRICISAM)
Guenter Schwarz, Director
212 Diffenbaugh ,

Florida State' University
Tallahassee, Florida 32306-

"Computers in Physics "instruction,!' Ph sibs Toda

September.1969. It will be updated ima orthcoming Untsco
publication entitled "New Trends in Physics Teaching."

American Institute Physics.
335 East 45th Street
New York, N.-Y. 10017

December 1970

,American Journal of Physics - 12 issues per year - it contains
a section for description of instructional uses of the computer,
including provision for obtaining copy of programs in computer-

readable form. (Further detatis are given in Volume II-Appendix C

on recommendations for-professional societies and publications.)

r-4
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e. Chemistry

1. Organization

American Chemical Society
Division Of Chemical Education

.
,

Journal of Chemical Education ' ,
c

Chemical Education Publishing Company,
d 4.

20th and Nor.thampton Streets

Easton, Pennsylvania 18042 ,----
-.----

N
0

Spring 1970 issue includes articles on computers in ,,dducation

-----<--

' National Academy of S'Elences - National ReAearch Council

Division of Chemistry and Chemical Technolergy-

2101 Constitution Avenue, N.W.
14,

Washington, D.C.

Committee on Cotputers in Chemistry

Dr: Peter G. Lykos; ChairMan
4

'Illinois Institute of Technilogy
Chicago, Illinois 60616

2. Other Publications

Modern Teething Aids for
College-Chemistry (Serial Publication l &)

Advisory Council on College Chemistry"

Stanford University
Stanfdrd, California -94305

f. Biology,

1. Publication

Proceedings of-the Eighth Annual Symposium on Biomathematics and

Computer Science-in the .Life-Sciendesi-Aouston, Texas, March 23,24,

11970. There was one-sessiondeVoted only to CAI in the-Biomedical

Sciences.

g. Geology

1. Organizations

American Geological Institute
Council on Education in the Geological Sciences

2201 M Street,' N. W.
Washington, D. C. 20037

Project CLUE
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01;, H.,."Undergraduate Instruction in Geomathematics,"

J rnal of Geological Education, Vol. XVII, No. 4, October 1969.

S ort Review reprint available..
_ .

6-

Fox, W. T., "Computir-orfented laboratoryExercises for Geology

and Oceanogr y,"'Journal of Geological - .Education, Vol.XVII

No. 40 Octob r 1969. Short Review reprint available.

.American Aisociation of Petroleum Geologists

Box 979
Tulsa, Oklahoma---94101

0

Other Publications

Kansas Computer Cente'r Contriqution Series Publications

Computer Center-
University of Kansas 2

-Lawrence, Kansas 66044

Published also in cooperation with the State Geological Survey

't

1'

I
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3. Behavioral and-Social Sciences

a. (..aneral

1. .Orga, iS

39

ACM Special Interest Committee on Computers and-Society (SICCAS)

ACM Special Interest Group on Social, and Behavioral Science Computing

c/o ACM National Headquarters
(SIGSOC)

1133 Avenue of the Americas

New York, 1N. Y. 10036Z.

SICCAS Nbwdletter - quarterly

`SIGSOC /Newsletter - quarterly

Other Publi ations

Computers in Research, Holt, Rinehart and _

Part III summarizes applications in
Green, B rt F., Digital
Winston; New York, 1963.

behavioral sciences.

Stone,.Philip J., -The General Inquirer, Press, Cambridge,

Massachusetts, 1966, 651pp..-Discussipi of procedures for and

applicatiOns of content analysis in psy6hology, sociology, political

science, anthropology, history and literature.

I
. .

Meyers, Edmund D.141., "IMPRESS and Undergraduate Education in the

Social-Sciences, ". in Proceedingd-of -a Conference on

the Undergraduate Curricula,__ University of Iowa, Iowa City, 1970.

.

(

Meyers, Edmund D.-Jr.; "InteractiVe Systems and Social Science

ResearCh and Intruction-," Social Science- Information, June.1970.

b. Psychology

1. Organization

American Psychological Association

120 Seventeenth Street, N. W.
Washington, D. C. 20036

.

;American Psychologist, a m nthly publication
L.

Journal of Educational Psychology, bi-monthly publication.

Educational Psychologist, newsletter of Division 15

(Educational Psychology)

Project CLUE
December 1970
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c. Sociology

1. Publication

Cline, Hugh F. \and Edmund D. Meyers, Jr., "Problem Solving Computer

Systems for Instruction in Sociology," in The American Sociologist

(in press)

d. Political Science-

1. Organization

The American Political Science Association.
1527 New Hampshire 'Avenue, N. W.
Washington, D. C. 20036

Committees on Pre-Collegiate Education and Undergraduate InstrUction

A Committee on Scientific Information Exchange may undertake

activity in the area ofinstructional use of the computer. /

e. Geography

1, Organization,

Commission on CAlege -Geography

Dr.-John Lounsbury, Director
Department of Geography
Arizona State University
Tempe, Arizona 85281

"Computer-Assisted' Instruction in Geography,"Technical Paper No. 2

Panel on COmputer'Assisted Instruction
Dr. Kennard W. Rumage, Chairman
Department of Geography
State UniVeraity_Gollege at Brockport
Brockport, New York 14201

f. History,"

1. 2rganization

Mathematics in the Social Sciences
Subcomm ttee on MA ematics and Statistical Methods in Hi tory

Dr. Robert W. gel, Chairman -

Department of Economics
UniVersity of Chicago
Chicago, Illinoia 60637

De ember 197.0 Project CLUE
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2. Other Publications

-Historical Methods Newsletter '

Jonathan Levine, Editor
Departmentof.History
University" of Pittsburgh

Pittsburgh, Pennsylvania 15213

A quarterly newsletter publishing short articles, research

notes, review essays and arinouncements.' The editorial office

maintains an active, file of reports of research in progress

and can respond tip queries for information about particular

techniques or data.

Project CLUE
December 1970
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4. Professions

a. Architecture

1. Organizations,

American Institute of-A:rchitects

Frank L. Codella, Administrator
Department of Professional SerVices
The Octagon
1735 New York Avenue, N. W.
Washington, D. C. 20006 -

A non-profit corporation sponsored by,AIA is
Productidt Systems for Architects and Engineers, Lac,
343 South Dearborn Street
Chicago, Illinois 60604

ACM Special tnterest GrOup in-Urban Data Systems,
Architecture and Civil Engineering (SIGSPAC)

c/o ACM National Headquarters
1133 Avenue of the AMericas
New York, N. Y. 10036.

SIGSPAC Bulletin -..bi-monthly

1. Organizations

Project on Computers in Management Education
Michael.S.'Scott Morton, Director
Alfred P. Sloan School=of Management
Maseachusetts'Institute of Technology
50= Memorial Drive ,

CaMbrlage, Massachusetts 02139

ACM Curriculum Committee on Computer-Education for Management
Profeasor,Daniel Teichtoew, Chairman
Department -ofJndustiial Engineering
College of-Engineering'
.Univezaity of Michigan
Ann Arbor, Michigan -48104

Planning,

=
Report in preparation_1969,interim report available,

December_1970. Project CLUE
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ACM Special Interest Group on Business Data Processing (SIGBDP)

c/o ACM National Headq:arters
1133 Avenue of <the Americas

New York, N.. Y. 10036

Administrative Data Processing .Group (1AG)

International Federation for Information Processing(IFIP)

6 Stadhouderskade
Amsterdam 13; The.Netherlands

IAG Journal -, quarterly

Education

1. Organizatilons

National Association of Secondary School Principals (NASSP)

Committee on Computers in Education

:1201 Sixteenth Street, N. W:

Washington, D. C. 20036

Series of executive'seminars for educational
administrators on the

computer in education

National Education Association.,

1201 Sixteenth Street, N. W.

Wdhington, D. C. 20036

(

NEA Handbook, published aninually, available from the

PublicatIonSalesSection at $2.00 a single copy.

erican Educational Research Association_ (AERA)

6 Sixteenth StreetvfN.W.

hington, D.C. 20036

pecial Interest Group'on Computer Aids to Learning

R b rt Seidd,Chairman
HumRRO Project IMPACT
300 N. Washington Street

Alexandria, Virginia

-_,Project_CLUE
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d. Engineering

f

National Academy of Engineering
it Commission, on Education

2101 Constitution Avenue, N. W.
*Washington, D. C.- 20037

.i

1. Organizations

American Society (of Engineering Education
Suite 408
One Dupont. Circle
Washington, 0. C. 20036

. , -. .
Committed on Computers in,Engineering Education"-
Committee

\
on Educational Research and Methods

Committee Information Systems

EngineeritlgE Aucation, a monthly publication, September
through 30ne, $16.00. \

;

Committee on Instructional Technology
.

"Educational Tdchnology in Higher Education: The Promises and
-Limitations of ITV_and CAI," Report. of the -Committee on
Inatiuctidital Technology of the Commission of Education,of
the Naticinal Academy Of Engineering, John R. Whinnery, Chairman,
Washington, D. C., September 1969.

Committee on Computer Selene n Electrical Engineering

e. Journalism

1. Organization

Association for Education in Journalism
Ralph 0: Nafziger, Executive Secretary ,

425 Henry Hall°
University of jilisconsin
Madison, Wisconsin =,53706

Division on fheory and Methodolog
Lionel C. Barrow Jr., 'Chairman,
Research Department
Foote, =Có ne--kielding
300 ark Avenue
New York-, N. Y. 10017 .

N, 7

--December 1970 h
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f. Law

4-4

1. Organization

The American Association of Law Schools
1,521 New Hampshire Street, N. W.

Washington, D. C. 20036

Committee on Teaching Methods
Arthur RMiller Chairman'
335 Hutchini Hall

-

University of Michigan
Ann Arbor, Michigan 48104

g. Library Science

1. Organization

./ h.

a

.

American Library-Association
Information Science and Automation Division
50 Ease Huron Street
Chicago, Illinois 60611

Committee on LibraryEdueation
Committee on Inter-Divisional Education

at of Libtar 'Automation - Auarterly, professional/
ug 1 cOntaining-inforMationon original work in computer

ai.1idations for data-pro m in=libraties.
_

TO
_

- Technical Communi atiens - monthly newsletter

r.

Ono aph"-..: -"Library Auttmation - A State o

Medicine and Dontistry

7 4

1. Organizations_

Continuing- Educ

DIV1S-itn_ofcRegi al Medi
National Institut&s of lie

-.DeParttent:of'ftealth4-=Ed-

--_BathaSda:Marylands 20014

on- and

--TrOject7CLUEf =

n 4

Training Btanch
rams

ation-and Welfare

cat P
al

Various regional programs include projects
use 6Voomputers.

the Art"

on the instructional

December 1970



Lister Hill National Center for Biomeditlal Communications

8600 Rockville Pike
Bethesda, Maryland 20014

'Davis, Rtith M., "Technology in Support of Medidal Education,"

Lister Hill National Center, February 1969.

Clearinghouse for Programmed Materials in Medical Education

Health Care
University of Rochester School of Medicine and Dentistry

Rochester; New York 14620

G. Otto Barnett,
c/o ACM National Headquarters

1133 Avenue of the Americas

New York; N. Y. 10036

'aFw

Professional Education Branch.'

Dil-fision'of Dental Health-

National Institutes of - Health`

Department=Cf uealth,:Edutation and Welfare

Bethesda, Maryland -20014

.!
(j

Proceedings of Lheconfience "Instructional Telinology in

-----Den poriStry,-" a- rert -tf the Conference on Cotaptiter

Applications-1g
Vental-EduCarion, held in San-Francisco,

Ottobet_2931,A96-0.
-Atrailable.-from the, Dental Health'

Center-,1,14th_ Avenue and LakeStreet,-San Franciaco,

California 94118.
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2. -Other Publications

Computer Programs in. Biomedicine

North Holland Publishing Cothpany

P. O. Box 3489
Amsterdam; The Netherlands (published quarterly)

InternarionalUournal_of Biomedical Computing

J. Rose;- Editor
Blackburn College of Technology and Design'

Blackburn, Englandpubliihed!'cuarterly)

47

. Proceedings of "Conference on th.5. Use of Computers -in Medical

Education," April'3, (+, _and 5, 1968, Oklahoma City, Oklahoma.

Avallable from the University of Oklahoma.Medical Center,

800 N. E. 13th Street, Oklahoma City, Oklahoma 73104.

=- Proceedings of an
ONR-supported6nference, "Computer Assisted

Instruction in the Health Professions," held in Cambridge, Mass.

in February 1968. trEaited by Lawrence I+. 8to1urow, Theodore Peterson,

Anne CuRninsham, Entelek, Newburyport, Massdausetts. l':

t ,
. - ill

-

Social-Work-.

1; Organizatelqn

Council on-S cial WOrk EducaLoa'

345 East 4 th Street

New York N. Y. 10017

-

-1 A --catalog tf audio visual-and_other technological aids for

teaehing;-
eYpect_infermation_about computer uses.

to-be inelUded as it becomes. Available.

Urban Planning

1;- Organization
4

1_

--ACM Special Interest
Group On Urban Data Systems, Planning,

Arthifectute and avid Engineering

c/o ACM-National lieadcitiarters-

1133 Avenue-of the Akericas

-New-Yorki-N. Y. 10036

roject CLUE=

SIGSPAC_Baletin bi-monthly_

1

December 1970



Summaries of a numb
reader who- is new
research and appl
present in two
current effort
preparation
statement

VOILUME-4 APPENDIX B

AET DESCRT,PTION OF REPRESENTATIVE ROJE
,i

ii k

of projectla are provided in this append

o the field aft indicktion of the di ersity

cations. Dir4tors of a sample of p ojects
three ;ages the overall goals, proc dares a

. Some were unable to respond on the frime sch

this document, and staff of Project CUE adap
serve the purpose.

to give a
nd,depth of
Cie invited to
Csuccesses of
dile for
d'an existing_''

The dery should gain an idea cif what he 'would f nd if he ore! to: look

further into the technical- repoiMs and=descripti e meter for( Ochs project

or to visit the site. Hopefulli these briitf±- st meats 11 encourage the

reader to obtain further inforsatican on._projec which p rticuiarly interest

him.
. ,

.'

, _
Ohly a few repmsentative prOjects are incl ed in th appendix; and eaelu
fits into =more categorieST then the one for which it i-listed: A list of all

_

persons and projects contacted during th study is =%iven in Appendix B of
_,,

Volume 'II.

, I

McComb =Public Schools, Missis,sippi

Diviiion. of 1, District of Philadelphia

Project LOCAL, Westport_Public Schools;14assachusetts

-Colleges and Univirsities*i_

Center f6f Researdh on Learning andTeaciing, University of Michig

CoMpUtation Center, Dartmouth College

Regional Service 'Centers and Consortiums'

11-litiois-IPSITyate---o===-Technology___
North Carolina EduCatiOnal ComputingTServi-ce_

Director,
Address-c-oimsents---to!.

Project -CLUE
131511.1.1-'Street

Ann Arbor,_=-Michigan 48104
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University Training Programs

I,App fl Representative Projects

CAI Laboratory, The Florida State University, Tallahassee

Industrial Training

IBM_Field Engineering Division, Poughkeepsie, New York
L

Military- Training

'(information notvprovided in time for this printing)

tJniyersity R&D

Computer-based Education Research Laboratory, University of Illinois,

Urbana
CAI Laboratory, Bari University, Italy

CAI Labpratory,:TheUniversity,of Texas, Austin

Learning'Research and-Development Center, University of Pittsburg

Private Non-Profit R&D ..--
,

-rojectIMPACT:-HuMan Resources Resiarch Organization,-Alexandria,'

Virginia -- , -

Edudational Technology Department, Bolt -Beranek,and Newman,

Cambridge, Massachusetts
4

k.

--Project CLUE
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37
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McComb Public Schools
McComb, Mississippi ,

The McComb Computer Assisted Instruction Project haa-as its initial goal to
4

determine if computer-assisted instruction is feasible for use in a typical

school setting. Dotumented evidence indicates that the system developed by

Patrick Suppes for drill:and-practice in elementary mathematics is viable'

educationally. Our effort, however, was primarily intended to determine

whether this program is practical.

Our schooLdistrict is a -rather typicaI-.Missisaippi munic ipal separate school

district, .althpugh aboi.re average-in per 7w91.1-expenditure. OUr re rces

were rather modesti--Ip A-number of_areateXpenditure per pupil,..
facilities, and resodttes-- "tosupport the'eadcatiorial program. We saw in

computer-assisted ihstruction an opportuaityto,upgrade considerably the

instructional-progiam-of-our eehdol distritt iftwe-tould afford it; our

teachers could leamto use it,effectively; administrative problems were

real consequence; it did.hot create tto maily_technical problems; and if it

produced the desired educational-gains in our student body.

After_two-ra one-half years of using the Suppes' drill-and-practice program,

we can.say wi but equivocation that this program meets 011 of the criteria
_ .

outlined_ above with the exCeption_of cost. Quite frankly, We now believe that

the cost factor is not an insurmountable hurdle. 'Drill-and-practice CAI systems

=do offer a relatively inexpensive opportUnity to individualized drill

for-skill-subjects. At= the mo ent, excellent programs are available in

,mathematics and Engligh. =Admittedly, these programs_ateAeaigned-only-as zr

supplement trk,clasaroom-instrddtion; however, -they do_ prow a the potential for

strengthening vital skill areas for elementary pupils by p rtial.replacement of

__direct teacher. supervision.



I App B Representative Porjects

Our research' data indicate that drill-and-practice CAI has particular relevance

to current-needs in providing instruction for the disadvantaged child. Our

-experience shows that gaps in_achievement between populations of the disadvantaged

and 411 othei children can be narrowed by the use of computer Assisted instruction.

Evidence may yet be deYeloped to indicate that, from the gtandpoint of cost
-

effectiveness, computer-assisted instruction should be provided only for those

groups of pupils who profit substantially from the program. We believe that the

brighter children, particularly-those who are economically advantaged, do not

profit sufficiently from computer-assisted instruction to merit the cost of this

--instructional: program. Some challenge our belief in this matter, but We hold-
,

to our position until further research disproves otirdontentio6.

Pram technical L11 cost standpoints, a hardware' system should be. Composed of

small digital computers provide daily drillS toapupils on the'simple
_-- __,

._,

terminal-s &ids the Teletype AS1-33,terminal Thearegults of daily drill

. performance-in this satellite system are easily 'batch processed" on-a larger

computer and drills for subsequent days' leaons'proddeed for-return to the

satellite system. In school systems which have available time on the .data.

processing computer for administrative services, the small computers,and terminals

constitute the main hardware cost. Where possible, the tele ype terminal should

be hard -wired to the digital computer to avoid major communication costs.

roperly utilized, computer - assisted instruction can actually replace some-
. _

tlassroola teacher time. The combination of computer-assisted instruoUon with

an excellent classroom teacher is_only Tightly more expensiVel over the long

run, than straight classroom-teacher instructional cost.. -FigureS should be

available soon to substantiate-the contention that Comp et-assisted instruction:_
,

which replaces a portion of-,the elassroom teacher's time will be'relatively

inexpensive even when in-cludihg-the cost_of computer hardware in total budgetary

'calculations.

- December-1970 Project CLUE
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5

ComputerTassisted instruction utiliiing drill-and-pradtice represents a very

limited application of the wide range of instructional techniques which can be

instituted using sophiSticated computer hardware. However,.this approach

using small satellite computers to administer daily drills is a significant

technique which can_meet-the test of practicality in an operating school

program today.

Mr. Julian Prince
.Superintendent of Schools
McComb Public Schools
McComb, Mississippi-
January 10, 1970

Reference
//

Ptince, J. B. "Computer Assisted Instruction in the Eley4ntar5, School,"
AEDS Monitor, January 1969, pp.. 1 -3.

Project CLUE December 1970
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Division of Instructional Systems
The School District of Philadelphia

The School District of Philadelphia has been, a pioneer in the use of computers

in the instructional process. Recognizing the critical function the computer

plays in education, the School District of Philadelphia is involved in the

following areas:

1.__Developing and implementing courses2in computers so that students
can apply them4to various disciplines and be aware of,their

cultural significance.

.

N,

2. Developing curricula designed to acquaint students with career
----

opportunities in data processing and to help them develop the
skills necessary to enter this vocational field.

3. Using computers to facilitate and individualize instructional
Opr,ocer..ses.

4. Training teachers and other staff members of thg School District
in the use of computers so that they may apply them to the '

improvement of instruction.

5. Developing, implementing, and evaluating new and promising
techniqu4s of teaching such as those involved in "Gaming

Simulation."

Exploring innovational aspects of educational technology and

developing innovational techniques.

The programs described in this report represent the main thrust of the Division

of Instructional Systems at this time. Other areas are still to be explored.

At the Senior High School level, a variety of courses, equipment, and programs

serve the object of giving students experience with computer problem solving.

Through actual experience with equipment, students develop familiarity with

computers and an understanding of what computers can do, how they work,-how

December 1970 PrOject CLUE
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they are programmed, and how they are utilized in business, science, and

industry. As pupils learn about career opportunities in the computer field,

they develop an awareness of th&effect of the computer revolution on tech-

no/ogy and-its cultural implications upon our society.

As they become proficient in computer languages,,studehts learnstOe

computers to solve problems in subjects such as mathematics, chemistry, and

physics. They, learn about probldms which cannot be solved without the aid
ti

of a computer and=they study the mathematics-needed in the formulation of

,computer oriented problems.

. -

-The computer concepts course for junior high school students was introduced

as a pilot project in, five schools in September 1967. The success of that

project, has led to the expansion of the program so that by February 1970

every junior high school offered a course in computers to its students.

Junior high school students mork at-a teletypewriter terminal connected by

_telephone to a large computer. Students utilize the terminal-to execute
,

programs which they have written as part of the computer concepts-course.

The course is offered as atwO-period minor4to students in the ninth grade.

Over 2000 elementary schOol students have been helped to understand that a

computer is not as mysterious as they might have thought. An exciting

approach to learning is computerized games. Fifth grade students are

_participating in a program which utiliies a special audio-visual computer

terminal to present the Sumerian game -- an economics-based simulation

`Which placeS the student in the rile of ruler of the kingdom'of

Sumer. The participant evaluates reports from his council regarding,the

statueof,his kingdom and based on this makes decisions which affect the

economy, and well being of his people. The computer evalliates the student's

decisidns and adjusts its figures on the economic status of the kingdom

accordingly.

Project CLUE December 1970
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Curriculum Development

Computerized games provide opportunities for decision making and approaches

not easily experienced in,the classroom. Games can promote discovery by'

simulating events, decision strategies and problems.

Since November, l9*67, students have been =receiving individual instruction

in leading and biology through a mputer. Title I grant to o-tHe School

District of Philadeiphia-initiated the development of a large scale computer-

assisted instruction program. :The system-consists of a central computer and

five clusters of-computefswith eight terminals in each of fiVle schools. The

-clusters a re connected to,the central. computer, located at theXomputer,
nter, by= telephone_ lines.

_The.turrieulUm has-been deVelOped:by School District of Philadelphia per-

sohneI.-=-::A-10th=gra4 biology-Course includes instruction in biology, its
- -

history4Saiende=vs.-SUperstitioa, scientific mdthod, cell and cell theory,

tharacteristicS_OfAAfe, and In reading the empOasis is on
-

iffcultq, - =he s bunt het perhaps easier, presentation of material.

student =vihOnd-ed s- entict me n t materialit-branched to this material. The

tUdent.is-directed.-IntoTchannelS Of-inStruction suited to- his needs.

_-_TheSchool-Districhiladelphia, in cooperation with the Regional Lab-

oratory,-Research for.BettevSchools, is developing-individually-prescribed
-

elementarymathetaticsmaterial consisting of placement tests, pre-tests,

ostttests:,:and_instruCtional.thaterial for computer assisted instruction.

to Materials evelo:edaddiiiding -to -a 1-it of carefully sequenced

Uttidna jettiVeS7 ined-behaViorally. The objectives follow a
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The CAI program is providing for continuous monitoring of the student's

foimance in terms of subject matter competence, differential mastery, and -

requirements for new learning. The burden. of scoring and progress analysis.'

is carried by the computer.. Branching of the student according to his

individual needs is automatic.

The computer and the automated processes associated with it have created

dramatic changes in the employment situation. The thiladelphia'School dis-

trict was one of the first to recognize'this and aa- early as'1961 had

instituted courses in data processing. Since that time the program has ex-

panded 'throughout -the entire
Cool

system.

Facilities
T-,

The Instructional Computer Center serves as a focal point for manyTprograms

and activities. A-large Philco 1Q2 CompUter housed here-is the-T"driver"

,

for smaller systems located_in four secondary schools which provide Computer

assisted Iriatruction_material for courses in biology and reading -as -part of-
-

their regular roster. In addition,to this purpose, the central/com-

;puter' provides computerize4 curriculum -for' the terminals inthe-comPUter

center. Curriculum material for this system is prepared by teams of

writers, programmers,- coders, and techni'al- sta

MF

The Center also services as a demonstration and
)
evaluation location for

4

automated education equipment. Manufacturers are encouraged to leave their'

equipment.where it is evaluated by the staff and teachers and-administrators.

housed at'the Center.

The Centerserves as the central agency in a time-sharing artangement_which

provides computer time to all senior high schools and moat of-the junior

high schools.- Students in-the schools(communicate_with an IBM 1130 compute

at the center via a teletypewriter. Utilizing this arrangement, students

have for'their use in solving mathematics and science programs a computer

Project CLUE' rBecetber_1970
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which would be too expensive to supply to each of the schools. .The School

district of Philadelphia is the first school district to operate its,own

..time- sharing system.

The Center serves the school district and the community by providing faci-

lities for after-school programs, staff development, adult education programs,

etc. Home and school associations,' community groups,' neighborhood clubs, etc.4

are invited to attend lectures and courses explaining how computers work.

At present, studies are being made to make CAI more universally available

at greatly reduced costs. Plans are underway to develop new computer-based

games; procedures which would involve many more teachers and students are

uhder development.

Prepared by the Project CLUE staff from "Computers in-the Instructional
Prograp," from the 1968-69 Anhual Report of the Division of Instructional
SystePs,-Dr. Sylvia Charp, Director.

Reference

Charp, Sylvia and Sohn Woolson, "Using a Computer to Teach," AEDS Monitor,
vol. 7,sJanuary 1969,, pp.- 6-7.
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rojecc LOCAL -

44 SchObl Street
Westwood,ftssachusetts 02090

Project LOCAL,_the Laboratory Program for CompUter-Assisted Learning is a

five-town cooperative endeavor set up to improve instruction by using the

computer as a teaching aid. LOCAL, which for three years was a Title III

ESEA project, is now chartered in Massachusetts as a tax-exempt educational

. corporation. Its membership includes the towns of Lexington, Natick,

Needham, Wellesley, and Westwood.

IOCAL's five PDP-8 computers, which can accomodate over 3,500 students,

provides services to over fifteen school aYstems in the Boston Metropolitan -

area. LOCAL has trained over 200 teachers from this area in the techniques 0

of teaching via computerized problem- solving,

-The over-afi goals of LOCAL are as follows:

1. To improve the achievement of mathematics and science curriculum
.,--

objectives, especially in the areas of achievement, problem-solving

skills, and attitude._
= t

4/(

2. To teach to the widest possible segment of the pupil population ,a

basic understanding of the computer in its role s an important

element of modern society.

In order to achieve its'objectives, LOCAL conducts the followitg programs:

1. Using the computer a a teaching aid in the regular math and

sc ence curricula to acc mplish ends such as motivation, reinforciag
A

co cept understanding-(problem-solving -and drill) concept demonatra-
i

tion, creation of discovery learning situations.(simulation of systems

to be studied), and increasing_ efficiency (automation of required

Operations).

Project CLUE December 1970'
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2. Integrating instruction about the soCial, implications of the

computer into the regular social studies curriculum..

3. Organizing---and spons ring computer clubs to ptovide an outlet

for students with spedial interests and to teach computer concepts

not normally taught in a math\or science class.

4. Setting up and maintaining a participatin membership program

Co provide computer services to other school ystems.

5. Conducting pilot programs with appropriate experimental struc-

turing in order to further evaluate the usefulness of the computer

as a teaching aid.

The Project LOCAL staff, consisting of three full-time persons and several
_

part-time consultants, carries out a number of activities required to

support the programs outlined above These activities include_ installing

and maintaining a library of Materials:concerning instructional uses of

computers, disseminating information via a-project newsletter, in-service

training of the instructional staff, writing instruction-related computer

software, writing applicati6na for outside funds, and central purchasing

of supplies for teletypewriters.

Project LOCAL uses several different activities to realize its goal of

improied-instrucation.= However, by-far thealost commonly used one is the

simple device of having students solve problems on the computer. This

method, much like many traditional ones, has students solve exemplar A

_problems following the'explanation of neW principles or ones341g:*-re-'= _

viewed. However,_-this method is somewhat unique in-that it shifts_emphaa4 -
_ --_,4

.

.

from results (answers)tb the-procedure'used for problem-solving.
N

*

December 1970 1.Projict LUE
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A student comes tp understand a principle much better in the pr6cess of ex-

plaining how to use that principle in problem-solving. The algorithmic

method employs the computer as the party to whom the student explains the

.steps (program) requir,ed for problem s9lution. In this way, the student

gains all the benefits of having "taught" someone how to use the principle

being studied and also obtains rapid feedback concerning the accuracy of

Cothis "teaching" i.e., his program either runs or does nl. Where a program

oes not run, the,student accomplishes any necessary relearning by finding

and correcting his mistake(s)*:

The Inneficial effect of having students solve problems on the computer is

very aptly stated by this quotation from signs that hang en the walls of

math classes in Altoona, -Pa., "If you 14ant,ta-learn a subject - teach it.

If you really want to learn'a subject - program it for a computer."

Tha-p_rimary benefits of computerized problem-solVing are improved concept

understanding, enhanced problem=saving Skill, 41.3 motivation. In addition,

it also imparts benefits "such as: allowing forjuktividual.ap-proaches to

problem-solving; enabling teachers to quickly locate weaknesses in student

4mprehension; allowing teachers' to-assign general-case rather than

exemplary- problems; and preparing students for later wog in _either a job
_

or at the nextAeveI of education.

Ddring the 1969-1970 school year, approximately 1,300'Students in LQCAL's

Live member school systems-were involved in learning enriched, through the
. _

Urse:Of tHe-computer as a problem - solving vehicle. The two programming
_

languages used were FOCAL, developed by Digital. Equipment Corporation,

and BASIC.

-

INAL. has published several funding applicatiOns, an-evaluation report and

several-doCuments useful to theelaSsroom teacher. The latter include:

Project OWE December 1970
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ters in the 'Classroom by Walter Koefke - Resource manual

for algebra teachers; includes teaching strategies and computer

programs (13Q pp.)

Reso.tc,se Materials forComputer-Assisted Science Teadhing

Manual or science (primarily chemistry) teachers; includes

teaching strategies and computer programs (226 pp.)'

_

Future' Plans

LOCAL has applied for outside funding to design, to and to

evaluate a computerized clitical support system for individualized instruc-'
ii

tion' which would be more capable than manual systems and far more economical

than previous computerized systems. This system woad be fully exportable

to other school's, yet the presence of computer equipment and trained computer

educators alrea4y Ail our schools would reduce development costs considerably

Blow what they would be otherwise,

Mherever truly individualized-instruction is to1/"he implemented on a wide-

I
1

_scale basis-, there is -a pressingneed=for a means of collecting, processing,

and presenting the data needed by teachers to/iparform-fundtions s ch as:

II diagnosing learning-needs, prescribing learning experiences, accdu ing--or
/

-4_

learAhg materials, keeping track of Student progress, analyzing the effec-
r-_-/'-, .

tiveneas of test items, etc., To date, the most successful agents f
. -

solving this problem have been: (1) teacher aides and (2) mediumand
-_--

large-scale computer-systems. Both of ttiese solutions
, -
are relatively ex-

.

pensive alternatives,

.

Three of out-schoolsystems are in the process of implementing wide-scale,'
'

trulr=individualized programs, and they haVe an urgent need for an

economical means of clerical support for "these programs. The other two

cooperating school systems are taking steps to implement less ambitious
f-

_ ±

December 1970
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4

programs-; their needs in this area, although less immediate, will become

apparent in a ew years.

Preliminary Inv igationl find,s po obStacle Preventing the use of Project

tOCAL's small computers, which ;sre already se the classroom well, in

the additional capacity of clerks to_gra etests, to keep records, and o

write.reports in support of individualiz instruction. If such mach nes

are found to do the job adequately; the o er-all cost afcomputer-a ded

instruction will have been reduced substant ally dtd the teacherw, 11

have available an extremely well-rounded tool: one that helps in
- -

teaching and also helps with the attendant-bookkeeping.

Rpert N. Haven
Projeet,Director

15
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Center for Research on Learning and Teaching
University of Michigan, Ann Arbor

The research and_ development program at the Center for Research on Learning and

Teaching (CRLT) provides a focus for many University ac ivities concerning the

utilization of on-line computers in teaching. .Instr tonal technology has been

a major concern of the Center since it w:Asiestablie ed by the Regents of the

University in 1962 in response to, recommendation;, from several faculty committees.

Exploration of computer utilization is coordinated' with other Center programs

concerned with programmed instruction,- instructional technology, e6ademic games,

instructional television, Areparation of college teachers, and the personal

and social development of students.

Facilities
k

Computer-based,instruction facilities in use at CRLT have been acquired and

developed in response to the expressed heeds of potential users. 'Faculty

members and students identify situations which might benefit from the use of

computers or other technology, and describe self-instruction procedures which

should help solve problems. Technical assistants experienced with various

computer systems and techniques help implement .appropriate teaching and learning

applications suited to the professor's goals and procedures as well as to the

individual needs and interests of students.

Since early 1968 most instructIonal applications havjbeen operated from the

IBM_360}67__on campus. The Michigan Terminal-System (MTS) provides a powerf..1

_capability ,for desiRn of instructional applications in a number,of areas.r
major direction =of computer facility development on campus has been to ma..

of one large_gerieral-purpose time-sharing System for instructional as well
_

scientific computing. As aresult.-use of the computer-for instruction of sty,. -Ill--;

has-Yeenclosely Associated-with use of-the computer for research. This

situation_ has avoided the somewhat artificial separaticiii of instruction and

research which may foilOw from the allocation of small and separate computers to

instructional tasks within a university.

Proj cot- CLUE December
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Some research on instructional use of computers does use-separate facilities.

Using a PDP-9 with a TV display, Williat R. Uttal at the Mental Health Research-'-

Institute (MHRI) is developing a generative coMputer-assisted instruction system

for tutoring students in analytical geometry and other mathematical topics. The

Center for Research on Language and Language Behavior developed a Speech-Audio -

,.=...en,qq.,,:a...N,.-.-=---,,,--- -==...- --,,---. _ - ,,..-....= =likaal,-,

I App, B Representative Projects

Instruction System(SAID) for rsearch on training'

speech around a single terminal based on a PDP-4.
,

Performance Center is assembling a laboratory for

of, prosodic Characteriftica.of
--

James Greeno of the human
4,--

res_e2.1;_t____A-koparaineters of 1,,4

individ alized iniEiktion, using a small M-1800 and CRT display devices.

= 'MTS/offersthe ms-ei-a wide variety o1nua8es and powerful command and file

06ability. The variety of computer language & available enables an author to

/ l.select theanguage-_best suited to each part of his instructional task. Often:
1

he finds it desirablesto obtain the aid of one versed-in computer applications

/
to program the mater2t1 in the most efficient manner for the problem at hand,

Rec tlyicomputing techniques and packages have been developed for incorporating

new earning tasks into curricula in the humanities and social sciences as well

as eiigineing and science.

__-!.-------

The most common user-terminal devices on campus are the Teletype models 33 and
. i

35. Several IBM 274 or Datel selectric_typewriter devices offer quieter -

operation and, a more complete set of characters. In addition, appli ations of-- -,

1

.

graphics display devices_ in instruction are being developed in A ,-Ilmber of_
1

discipline areas.,

Demonstrations -and Seminars for Faculty
= =

Faculty are invited to try selected examples orcomputex-based reaming exercises
-

= as "students" at a learning atatiori and-to study the iocumentation provided by-

the author that indicates the information stored in the computer. 'However, it
1

is difficult for-an individual -to get-an'accurite impression of the potential

andlimifations of a computer,instruction system through material in an

unfamiliar field._ A'sufficiently advanced sequence of instructiontin a particular

field probably requires that the "student" have a general background specific

preparation ih that field.

*1- I
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Therefore, interested faculty Members are encouraged to write their own specifica-

tions for possalle programming of an instructional exercise; Center, staff implement

,those self- demonstrations. A brief experience as an author provides an interesting

-7----demonstration,foi a potential author, sample materials which might encourage a

larger development project, and a critical test of the usefulness of the system.

No previous experience with computers is necessary for success in "self-

demonstration""of computer use for instruction.

Often faculty members are interested in transforming some aspect of their research

use of the computer into a form suitable for instruction. For example, a-professcr

who used the computer to simulate genetic phenomena in botany prepared exercises

which enabled his students to interact with, selected aspects of the same

simulation model employed in his research. Through this approach, students were

given access to and practice with some of the research tools which the professor

used in his own work.

Since 1965 seminars and related author experiences have'been offered to all

departments and schools. During the past four years faculty from history and

classics as well as the science and professional fields have par/icipated.

Seminars are small (six to eight participants) and are staffed by two or three

persons who have experience with computer instruction

to U-M faculty. Ingroup meet np asis is placed

proposed learning exercises and the generation of new

work and Consultation sessions each individual tests his ideas on a computer.

facilities now available

on critical review of

ideas. During individual

Author Experience ,

The development of instructional materials for computer=basod systems is being

pursued inimany areas of liberal arts and professional curriculum, among them:

physics, epgingeringarchitecture, education, natural resources, public health;

history, library sciefice, economics, biology, and psychology. Languages. designed

for authors'1_(e.-g., COURSEWRITER, PLAN& and FOIL) =are easy to= learn and use for

tutorial instruction, but, correspondingly, the sequences prepared are often

Project CLUE -December 1970
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simple in strategy. An author wishing to implement interesting teaching

strategies and sensitive recognitipn of student respohses must add special

functions to the "author" language. The programming thereby becomes complex;

authors are adviSed to write specifications for an instruction sequence in any

convenient but unambiguous way, and they must rely upon a technical assistant

to translate the instruction into'some "author" language or a more fl xible

translator.
er

A notation is evolving through which authors can give written instructions to

a technical 'assistant who codes the material in one of the available languages.

CRLT provides such assistance to U-M faculty or ai .rnatively trains writing

assistants already7,1xperienced inthe subject area. One long -range goal of the

CRLT-program is the development of a flexible translator, or a system for

writing translators, which will adapt a computer language and related support
.

to individual auhors and subject areas, thereby reducing the need to work

through = technical assistants.

As soon as an author has successfully executed a sholt earning exercise on the

computer, he is encouraged to have a student try the material and strategy.

The author can revise his first draft on the basis of theitudent's performance

and then have another student try the improved version. Typically, a cycle of

`,test and revise is repeated with students a number of times before the authoi

is satisfied that the exercise is ready to be put to use by students regularly

enrolled for instruction.

A Strategy for Development

Collaboration of a professor-with CRLT on instructional projects, follows a

typical pattern. The-initial specification of goals and the development of a

short instructional sequence or exercise are suppoL!ted by CRLT funds and staff

efforts; If the faculty member chooses to continue developmental work with

computers in instruction he is encouraged to request technical assistance, computer

time,and materials from the Wolverine Fund, a source of support for innovative

instructional activities withinthe University.

December 1970 Project CLUE
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Wolverine Fund support usually carries the project until the ilaterials, are in a

form suitable for use within a class. Operational use of the computer for

regular instruction is suppOrted by the academic depat menLiiith University

resources. Often the professor obtains outside funding to expand research and

developmen.t,effortsfor 1) a wider utilization of the computer within his

discipline or 2) a revision of the'curriculum incorphrating computers.

of a sponsored research project the department again provides

support for se operation§ which are justified fors tudent use as an integral

At the conclusion

part of the curr ulum.

Computer Networks for Instruction

For'more than five years the Center has been involved in long range'planning-of

inter-institutidnalappliLations of computers in instruction. A network involving

the three largest universities in the State (Michigan State University, Wayne

State University aid the University of Michigan) has been developed through.the

Michigam Interuniversity Committee on, Information Systems "(MICIS). The

cooperative endeavor of the three institutions to develop and implement a

prototypefor instructional computer usage in the state is strengthened by the

incorporated Michigan Education Research and Information Triad (MERIT). UltiMately,

most universities, colleges, schools and perhaps some state agdncies will share

certain facilities for instruction that would not Otherwise be available to them.

Karl L. Zinn
Research Scientist
Centerfor Research on Learning and Teching

Ann Arbor, Michigan
May 15, 1970 .

Reference

Zinn, Karl L. "Programming Conversational Use of Computers for Instruction,"

pp. 85-98 in Proceedings of the 1968 ACM National Conference. Princeton:

Brandon Systems Press, 1966. Reprinted in R. C. Atkinson and H. A. bison,

ComiAtter-Assisted Instruction: A Book of Readings.' New York: Academic

Press, 1970, pp. 253-68.
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Kiewit Compatation Center
Dartmouth College
.Hanover, New Hampshire 03755

Convinced that pll Lberally educated students must e exposed to computation

and know how to deal with it, Dartmouth College inf 1964 constructed a time-
.;

- .". 4 i
sharing syStem open to a students and faculty:

/
Recognizing that the' vast

/-
major1ty of= students could not be -r-g h .....114ough conventional, card-oriented

batch systems, time-sharing/14 terminals in places convenient to students

was deemed necessary. In/addition, a ve0 simple user interface was provided

and a new language, BAST& developed. /

The main emphasis of the Kiewit Center has been to provide high quality and

easy-to-use service_to.as many s,tizdents and teachers as possible on both the

college and secondary school levels. By mid-1970, about 200. terminals, mostly

teletypes, ifere.im place in 35 secondary schools and 15 colleges beides

Dartmouth. Most of these.are active during peak periods -- about 135 can

operate simultaneously -- and a typical day during the school year Will see

a total of 1000 terminal hours recorded and about 10,000 "jobs" run:

While the main purpose was to provide service to the whole community, it was

early recognized that Jganized .,-.-rts,at curricular materials development

was necessary if the use of the compt.t.er-were to progress beyond the obvious
. -

first examples. Therefore, :z.lch major project at the Kiewit Center included

a materials develqpment aspect. The principal projects are summarized

below, together wit` ..i. brief description of the materials produced.

l-, Original Development Project (to develop the time-sharing system

and the BASIC language) -Produce&a; manual for BASIC, and five teach-
,/

ing supplements far- number theory, statistics--(2), logic and linear

algebra.

December 1970 Project CLUE



I App B Representative,Projects 23

2. Secondary, School Project Produced about 35 "topic outlines" about

eight of which were published for regular distribution and use by

students and/or teachers. In addition, the project produced one book,

Elementary Functions, and one longish introductory text, School Basic.

A proposed continuation of the project will produce about six more

shGrt curricular units.

3. College Consortium Project. The main purpose was to provide ser-

vice and record the nature of use in the participating schools. No

materials as such were produced.

Recognizing that the broad spectrum of uses in *the curricula experienceein

the Dartmouth network fell far beyond the traditional understandings of CAI,

a new Center hastbeen established at Dartmouth. The Computer Educational

Materials Development Center will encourage a wide variety of curricular

uses and materials developnient, and will provide the crucial summer support

and technical editing assistance necessary to bring the materials to usable

4evels of .quality. A

Professor Arthur W. Luehrmann
Director, Project COMPUTe
Dartmouth College
Hanover, New Hampshire

_

A4 .
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Illinois Institute of Technology

Computation Center
Chicago, Illinois 60616

The Illinois Institute of Technology has long recognized that the computer 4

represents an emerging new discipline which impinges on other academic areas.

The University' s computer operations art therefore set up within an i'nter-
,

disciplinary Computation Center which is divided into an Information Pro-

cessing Center and an Information Science Center. The Informatiofi Proce4Aing-

.

Center, a servile facility, operates and maintains computer equipment and

provides advice, counseling, analysis, and programming support to computer

users. The Information Science Center, an established part of the IIT

academic program, carries out research and_teaching in the field of high-

speed compucers.

Through its Information Science Center, UT offers graduate instruction

leading to the degrees'of Master of Science, and Master of Science for

Teachers in Information Science. The Information Processing Center's com-

puter facilities are used by other academic disciplines for graduate research.

Undergraduate students interested in the field are encouraged to develop,

strong minors or co-majors in Information Science. -All undergraduates at

IIT are required to take at least one ihtroductory computer course. More

than half of all` undergraduates use-the center's computer to support their

course work during any given year. In addition, the center teaches and works

not only with.the university students but teachers as well, underscoing the

fact that education for the modern man or woman, including the teacher, is a

lifelong process.

However, IIT's efforts to find ways of effectively bringing computers to the

classroom are not restricted to the university itself or to universities

in general. IIT_hasin fact, given special and continuing attention to the-

need for=s?tematic development of computer-related courses of study below

the university leVel. This has involved pioneering in the_adaptation of

DeceMber 1970
Project CLUE
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high-speed computer systems to support large-numbers of educational users

with /small- problems and programs.

The layman tends, to regard the computer as too complicated and too expensive

for ,us% by masses of non-university students. But programs operated by IIT

have demonstrated that neither the aptitude 'of students (or their teachers!)

nor the cost of processing !programs need necessarily be barriers to the use

of computers in secondary and even elementary schools.

Since 1961, for example, the university hasconducted a Saturday Secondary

School Computer Science Education Program. This program has brought 14,000

students and 1,200 teachers from more than 400 high schools in the Chicago

metropolitan area to the university to learn how to program a computer.

. -

Initial participation in this program by two Chicago public high school's led

to acquisition by the Chicago Board of Education of a copy of an early IIT

computer system to support all 60 of its high schools. This was further

enhanced by the fact that 200 ChicagO high school teachers participated in
f
t the IIT Saturday programs.,

Highly motivated, average, as well as abbve average, students have shown

themselves fully capable of learning computer programming. Through a series

of Saturday academic programs, at the 'University, 10 per cent of the secon-

dary students taking the introductory course have continued with advanced

instruction in computer applications.

Both students and teachers pay a fee to attend the Saturday program, but the,

charge is nominal, primarily due to the fact that IIT is able to provide

significant computer experience at a program processing cost which is signi-

ficantly less than that of circulating a book from a public library. The

cost of circulating a library bopk is estimated at 60 cents. The cost for

Project CLUE December 1970
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computer-processing a student or teacher problem at IIT is less tha n 25

cents.

This low-cost processing is 'a result f several factors. The ZIT Compu-

tation Center, for examplet_has engag d in extensive development of appli-
,

cation programs desighlf.d for maximum ccoMbUtion of computer capabilities
I

to the educational environment. The enter has also developed a Remote

Job Entry System which makes it possible for a wide variety of peripheral

equipment - card readers in the Center's data preparation area or teletype-_

writers in a separate laboratory to communicate directly with a computer.

This system uses economical batch processing methods under the control of

an automatic scheduler while providing users with complete Access to the 4_
/

full range of application programs stored in the computer's library, in-

crilding many developed by the users of the ITT network.

In addition to software development, providing remote terminal access at very

low cost, TIT has developed a comprehensive third generatiotilanguage and

supporting compiler. Called IITRAN, this modern language, which is designed

to support. classroom instruction, provides extremely comprehensive diagnostics

which enable students to master programming in the shortest possible time.

Through the use of a viable subset'of IITRAN, high zhool and college students

are.able to learn programming and begin using, a computer productively after

only one hour of instruction. The cost of computer time for an average

student job is also reduced to a minimum. At the same.time, experience with

the language provides students with a firm basis for learning more restric-
.,

tive., commercially used programming languages. This is because one of

IITRAN's design-objectives is toteach students basic programming concepts

without the arbitrary restrictions of anguages like FORTRAN.

_IITRAN has also been translated into foreign languages. Formerly, non-

Englith speaking students studying in the United Stdtes had to learn both

December 1970 Project CLUE
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the English language and a programming language to use a computer. Now,

through the use of SPANTRAN, GAULTRAN, and DEUTRAN, Spanish, French, and

German speaking students can become familiar with the computer in their

27

native languages. What's more, the comprehensive and explicit error messages

built into each of these equivalent foreign language compilers essentially

convert the computer into a teaching machine for instructing fclreign-born

students in the use of the corresponding programming language.

o
Based on these programming and processing capabilities,-ITT began a new

*computer educational program called Opeiation CompuL.Tel in October 1966.

This program uses all of the know-how developed by the ZIT computation Center

Ito bring the computer-into remote, classrooms via telephone lines. A tele-
=-

typewriter installed at each participating educatidnal institution is used

-,to transmit problems directly to the Computation Center's computer and type

out results ded_back.from the computer.

In July 1968 the National Science Foundation (NSF) awarded a'grant to IIT and

nine other participating colleges and universities in northern Illinois and

southern Wisconsin to develop a regional computer network. The IIT-centered

Project is the largest.-of 15 regional computer networks spanning the United

States and partially funded by NSF. Each regional center emphasizes

different aspects of computer-based educational activity. At HT, computer

hardware-software and programming training are de-emphasized since these are

areas in which the university has already obtained considerable experience;

Instead, IiVs 26-month project,seeks to impact education-at the under-

graduate level_through a planted cooperative curriculum ;development program.
a7=

Seventy-two faculty members Irom_a current total ?of 15 ,participating /

tutions are grouped by seven academic discipline to do curriculum development

work under.the guidance of seven group leaders. The seven academic disciplines

Project CLUE ,December 1970
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are biology, business management economics, chemistry, mathematics, physics,

psychologyeducation, and sociolo

The group leaders visit participating colleges at least once a term to

assist in planning the use of computers within each individual college's

cureicblum. The leaders are also encc,Ira ed an funded to attend.relevant

conferences and to visit other leading institutions around the country to

-learn more about how their academic disciplilnes are being enriched throtigh,

the use of computers.

Mr. Peter Lykos
DirectorComputation Center
Illinois Institute of Technology

December 1970: Project CLUt
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North Carolina Educational Computing Service
Box 12175
Research Triangle Park., N. C. 27709

The North Carolina Educational Computing Service,(NCECS) was created by the

State:-80-ard of Higher Education in July 1969-to provide computing service

to educational institutions throughout the StAte. NCECS is the successor

to the North Carolina Computer Orientation Project (NCCOP), a grant-supported

program 'which began in 1966 and term4ated officially in October 1969.

Utilizing the facilities of the Triangle UniVefsities Computation Center

(TUCC)*, NOCOPIbrought remote computing to the campuses of'farty-three in-

stitutions of higher learning and established one df the first intercollegiate

computer networks in the -- United States. Most of the /institutions which.toA

advantage of the NOCOPI.offer of free service elected to continue the computer

terminal at their expense when the orientation period-terminated, creating a

`continuing need for a central organization.

The tomputer Orientation Project was an experiment. The objectiVe was to

see how many-of the 9Q-eligible institutiona would participate and how many,

when'they got to the end of their one-yeate!re rial, would be willing to

put their own money into computing activities- :f 'A few already,had on7campds_
4P

O

,

computers. Thirty-two-of'the 43 institutions retained the tefminal after the

free period expired, assutlyng.all associated costs, and most of these have
I

continued remote computinvih d'ut interruption. Moreover, the project through
0

_

its regional meetings, workghops, and publications, had a broader effect on

high s education,1n North-Carolina in that it created, and strengthened inter-
.

at many of those colleges which never accepted4the

e of-these have since joined the network, and

are partici ating in a cooperative program of

est in academic-capputing
_1

offer .of free evice. So

faculty membets from othe

curriculum- development.

s_z
,

.

_*TUCc_is a_now-profit corporation jointly owned by the University of North
Carolina at Chapel-Hill, North!Cafhlina State University, and Duke University
and-is equiOped Vith'aft'IBM-Sttem/360 Model 75 computer.

Project-CLUE December 1970
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NCECS is a service rather-than an experimelt. Past experience proved .that

the small user--in particular, the low-speed terminal user--requires 'special

technical support, and needs to be represented by TUCC by someone who is

primarily concerned with his needs. NCECS serveS-as the representative of

all. educational users other than the owners of TUCC. It provides these

institutions with a low-cost computing service (inclilding terminals, communi-

cations and computer time) and the necessary technical support (including

information servicesOtechnidal assistance- to-users and specialized software

and documentation). The central staff currently consists of nine full-time

and two part-time emplbyees. The network now includes forty-two public and

1

private institutions--universities, junior and senior colleges, community

colleges and one high School system*.

1

In November 1 9 the Board of Higher education received a two-year grant of

044:000 from the. ationaI-Science-Foundation for s NCECS. This,

rant made possible an expansion 0E-the central seaft,to ether with a

variety of newactivitie in the area of curriculum development. Twelve

colleges in the network also received NSYgrants (totaling $131,000) for the

support of on-campus facilities. During the-past year, thesie and other

,par=ticipating institutions have been able to acquire e powerful terminals,

anilsers have been exposed to new faciliitieS-and pr6vided opportunities for''

more sophisticated usage. Thus their needs "for technical support-arid-

.

specialized documentation, rather than diminishing,- have continued and

expanded. There has been, however, a shift-in emphasis from basic program-

minginitruction to advanced training in the,use 6f newly available,itore

sophisticated-facilities and in applications of computer use in' non-
i

computing curricuia*. r

*Terminal equipment includes 16 Teletypes, 25 IBM 1050's, 8 BM 2780's, and

one IBM 1130. Three IBM 2770's are scheduled for in'stallati n in

October 1976.

.
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-
_Curriculum development has been initiated by NCCOP with the formation of

eight discipline groups and the organization of several workshops to bring

these groups together. Dr. Joseph R. Denk;-chemistry group leader for

NCCOP, wasaddeeto the NCECS staff to supervise curriculum development

activities funded by the NSF grant.
,---4

; -47
,

, i.

The curriculum development program is concentrating on five main areas:

group activities, teaching unit (CEG) production, the publication of a pro-

/Igram and literature service journal (PALS),workshops, and a consulting ser-

vice. Group activity is- coordinated by grqup ledUers from participating

colleges. Six discipline group leaders were funded during 1969-70 in

. business-economIca, chemistry, engineering, mathematics, physics, and
i

stattics.- Four additional groups -- biology, data processing, humanities,

and sOci61 gy--were coordinated by the central staff. To date, curriculum

development has made its greatest inroads in chemistry, engineering,

sociology=, and statistics.

NCECS has pilciduCed 11,Computer-based Educational Guides (CEG's), with 20

more in development. Th discipline-oriented teaching units describe the
-- A

Usage of a particul canned" program, and contain educational material

as weli as the\usual type of computer program docuMentation. thei-are

tested in workshop activity befOre publication. 'Support will be provided

during the 19/0-71 acadmiic year for the development of teaching units by
. -

group members, as well as by the various leaders. The Program and

Literature Service '(PALS) is a journal used to communicate the existence

of programs and literature concerning pro'grams in use both inside and outside,

the NCECS network. Short abstraes of teaching units, programs, and journal

articles are published quarterly for each discipline group. Group members

are expectedto-contribute to PALS.

* =
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Workshop activity ranges from discipline. group meetings to interdisciplinary

sesSionsTiln areas of numerical methods, simulation, statistics (for

'everyone), and gamin-. QVisiting scientists are a regular part of curriculum

workshops, and a consulting service is made available in all disciplines.

Wo'rkshop activity is described in a recent report, on "Spring Workshops in

Curriculum Development", and general activity is reported in the bimonthly

NCECS Newsletter.

At the end of the two-year grant period, many of the grant-su orted curri-

culum development activities will terminate. By that time, the responsibility

for continuation of this effort will have been shifted into the hands of

1

the colleges. However, it is expected that the central staff will co inue

to provide coordination of some. curriculum 'development activity in addition

to its'techriical support functions.

- T. Parker', Jr., Director f--

North Carolina Educational Computing
Research Triangle Park,'North*Carolina,-

-,-

--

References:

-Parker, Louis T., Jr., 'et al. "Introducing Computing to Smaller Colleges and

Universities--A Progress Report". Communications of the ACM 12:6, pp. 319-

323, June 1969.

Denk, Joseph R. "Curriculum Development of Computer Usage in North Carolina",

pp. 11..9ff in Proceedings of a Conference on Computers in the Undergraduate

,7
,
Curricula, University of Iowa, June 1970.
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The program was guided by six general.objectives which had been formulated from

the previous Institute in 1967: 1) to acquaint the participants with the field

of computer-assisted instruction; 2) to provide the participants with an

understanding of the educational and learning theories that form the basis for

the application of computers within instruction; 3) to'develop a high degree

of proficiency on the part of the participants in the utilization of the FSU

Computer-Assisted Instruction system; 4) to develop knowledge about the newer

techniques of data analysis such as sequential analysis, tests

for instructional models, and dynamic deCision-making; 5) to learn how to

administer CAI installations so that the participant would undert_id the

operational factors of cost, time schedule, course development and personnel;
0

6) to author a CAI course unit on the FSU CAI system and to evaluate its

efficiency.

All of t e participants achieved the Institute's objectives with varying degrees.

of success according to their particular ac ..Jemic orientation as /ell as their
_ .

personal goals. In general, the overall goals of the Institute were accomplished

in that all the students who participated received graduate credit and made

excellent grades in their formal course work: During the three quarters of the

Institute, the participants accumulated 45 quarter hours of graduate course
0

work. The required courses for the trainees were as folloWs: Techniques.of

Project CLUE December 1970
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CAI Laboratory
The University of Texas
Austin, Texas

47

The University.of Texas CAl Laboratory_has _been-involved in a-broadSpectrum-

of research and developffient activities. Two principle research efforts,have

been in the areas of aptitude by treatment interaction (a two -year contract

with the Advanced Researai Projects Agency of theDepartment of Defense) and

a five-year research program on instructional design, authoring systems, and
_ .

learne. control (sponsored by the National Science Foundation). DdvelopLent

activities have included curriculum develbpment, the development of a remote

',terminal network, and the development of interdisciplinary graduate training

programs for instructional designers and instructional researchers, especially

between the departments of computer science and educational psychology.

Research on Cognitive ALI.ties and Learning: This research, concerned with

the interaction between cognitive traits and instructional treatments, has

been conducted at both a bagic and an applied level. At the basic level, we

seek a set of theoretical cognitive constructs which will account for indivi-

dual differences both in measures of learning and in measures of performance
.

...

on cognitive aptitude test items. Through-these cognitive constructs, we
.

hope also to account for the interactions between aptitude patterns and
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Programmed Instruction, Origins of Individual Differences Important in

Education, Human Factors in gaining and Instructional Systems, Computer-

Assisted instruction, Computer Analysis of Educational Data, Computer Simulation

and Information Processes of Learning and Instruction, Quan, tative Models of

Instruction. Even more important than their success in course wo

participant made a significant contribution to he research and development

of this new professional field via the authorship of learning materials and

the successful solution of current developmental tasks.

The students believed that the use of the "Systems Approach" and the

implementation of a learning sequence on the CAI system were the most significant

,,activities of the Institute.

Moreover, a survey of Institute graduates from 1967-68,who are now serving in

administatixie" and teaching positions primarily in junior colleges, revealed

that 83 per cent considered their traineeship experience very worthwhile and

67 per cent indicated that skfills learned in the traineeship are quite valuable

in their current position.

Lt is important to note that 50% of the graduates believed that the traineeship

had provided them with the opportunity to gain a more influential position in

education than they might otherwise have obtained. This statistic, in

conjunction with the trainees' perceived effectiveness of tike training program,

is critical both in terms of evaluating the iMmediate effects of the Institute

and in estimating the potential long-term effects in the field of education.

The entire program was essentially strong. Only in the areas of prerequisite

statistical skills and computer languages does there appear a need for future

revision in terms of the nature and gOals of the Institute,'

Project CLUE 1 December 1970
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The weekly seminars were considered a problem by the trainees in that they

demanded considerable time and prcparaEion on a broad range of topics.

Additionally, the challenge of complex quantitative analyses and model building

left the better students with a desire to investigate these topics in greater _

depth than was provided by the prc.gram. In the economic sphere, the participants

consumed considerably more CAI compUter time than covered by the budget; these

its were absorbed by Florida State University.

In general, the objectives of the Institute can be recommended for professional

development in the area of computers and education. The nine month length of the

program allowed a thorough introduction and orientation to the nature and

potential of computer assisted learning. A full academic year appears to be the

absolute minimum time needed to dcvelop competency in CAI. Communication between

faculty and students was extensive and profitable. The greater emphasis on

practical experience at an earlier time proved to be of great help to the

participants in that they could form:Ltlate,-their individual projects earlier.

allowing more time for project evaluation, analyses, and completion.

Adapted by Project CLUE staff from the Final Report of the Institute in
.Computer-Related Multi-Medial Instruction for Administrators and Faculty in
junior Colleges and Universiities prepared by Duncan N. Hansen,, Walter Dick

and Henry T. Lippert, July 1969

Reference

Hansen, Duncan. "Development Processes in CAI: Problems, Techniques and

Implications," pp. 36-47 in gProoulinofaSeilnucTLC!cnpli
Learning sy.L:1TALLanit12121E2. National Council for Educational

Technology: London, March 1970.
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Assisted Ingntruction (CAI).

Before the advent of CAI the training consisted primarily of two major areas:

the stand-up lecture portion and the laboratory portion which gives the students

a chance to work on real equipment. The time distribution between these two

portions of training is approximately 50/50. In other words, 50% of the

student's time is involved in lecture-type learning experiences and 50% of

his time is involved in laboratory learning experiences.

In early research with CAI in Field Engineering Education, -the lecture

materials (referred to as theory training) were prepared for presentation via

CAI. However,.the approach taken required that the CAI materials be provided

the student beforehe received any hands-on training in the laboratory. In

courses as lengthy as 25 days, 12 or 13 days of the CAI manner of theory

training were presented before the student reported to an Education Center for

his follow-on laboratory training. This division in time was a significant

change from the norma training sequence in which laboratory.learning experiences

were designed to support the theory (or lecture) experiences that the student

had`` in the classroom.

Project CLUE December*1970
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Developmental Activities: The emphasis on instructional design for CAI and

its psychological and computer science foundations at the University of

Texas has helped attract curriculum development contracts from publishers,

computer manufacturers, and federal agencies. The most successful projects

have been in freshman mathematics, English, and chemistry, prevocational

training for the educablt., retarded, and the Arabic writing system.

A network of terminalsin up to nine schools and colleges in Texas and

Louisiana connected to the Laboratory's IBM 1440 computer in 1968-69 led to

plans for broader implementation.
Consequantly an attempt was made during

1969-70 to implement Coursewriter III and APL on the IBM 360/50 computer used

by the,University of Texas for bviness data processing. This complex

system was successfully implemented and was in operation in the spring of

1970. As has been the case with other R & D groups in this country, the

CAI Laboratory experienced substantial cutbacks in funding for 1970-71 and

had to terminate t romising project in June of 1970. Fortunately, CAI

capabilities on the DC 6600 computer housed in the University's computation

center are increasing rapidly, and through NSF funding a regional networt-

for computation, including CAI, is being established.



on simulated laboratory exercises was also explored. computer programs b1MUlaLcU

the experiences a trainee would have 'if he were working on the actual

laboratory equipment. We found that simulated laboratory exereses were

successful when the situation simulated involved the use of familiar test

equipment, and the student had had previous practice in performing complex

psychomotor skillisimilar to those required by the simulated exercise.

Research studies demonstrated that Computer Assist d Instruction was an

effective method of providing the Customer Engineer with training at his own
Yf

branch office on a variety of subjects.

Today, Field Engineering has a nationwide network consisting of a central

computer with over 300 remote typewriter terminals located in breich

offices throughout the United Sic-s77ItsTe_a1-!currently o..4r70,pourses

offered through this system. We have d a1ACR = BRARY at<

CONTROL PROGRAM that provide authors with standa presentation routiiibs

for teaching segments, review segments, remedial segment , :uiz adminis-\

tration, and quiz critique.

We are hopeful/that as new display terminals with TA

probes are developed, our laboratory simulation training mig

through more realistic simulation and decreased student time.

e screens and resis-

be improved

Perhaps ast

December 1970 Project CLUE -------

NOT FOR,REPRODUCTION

NOTE TO COPY CENTER OPERATOR

THERE IS NO PAGE I@ 52

PLEASE LEAVE BACK OF PAGE 51 blank

MUM THANK YOU



I App H Representative Projects
39

of our computer system laboratory training c:n be simulated using CAT

terminals.

We are also moving toward combining our theoretical training with simulated

laboratory exercises, thereby providing practice for the Customer Engineer in

applying newly-acquired-knowledge to the solution of simulated ieal-world

problems. It is our hope that in so doing we can produce more effective

learning by combining problem-solving (simulated trouble-analysis) experience

with theoretical material. We are also investigating the need for providing

higher-level language that will allow an author to more-readily prepare both

tutorial sequences and simulated laboratory exercises, eliminating the need to

learn the symbolic !rogromming language now used.

Through our existing CAI system Customer Engineers receive significant

portions of their training in their branch offices. However, we are

pursuing research and development to improve our use of the computer in

training and to improve our authoring techniques and to continue to
6

explore new areas of -application. a

L. R. O'Neal
Advisory Education Specialist
February 16, 1970

A

t

--!_ Project CLUE
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contribution to the nation's educational program. The goals of PLATO have

therefore been twofold: first, to investigate the potential role of the computer

in tne instructional process; second, to design an economically and educationally

viable system incorporating the most valuable approaches to teaching and

learling developed in the investigation.

During the past nine years three systems (PLATO I, II, III) were designed and

_built \ each embodying improvements indicated by the previous model; a network

of four associated demonstration centers was added early in 1969. Exploratory

educational efforts with PLATO systems have now involved experiments in at

i. least \twenty fields of study and over 100,000 student-contact hours at all
1

levels
1. PLATO I and II stimulated research and development leading to the

broader capabilities of PLATO III which was designed for optimum educational

versatility without specific concern for costs. PLATO III, in use since 1964,

has provided opportunities to develop many powerful new teaching strategies in

various diverse fields. Currently, work is being undertaken on the design of

a PLATO \IV, a large-scale system which, even in a prototype 'version, would be

justifiable in economic terms.

December 1970 Project. CLUE
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It has been difficult to incorporate CAI lessspns into the rest f

a normal school program, but this problem disappears in an IPI chool which

provides individualized educational environments at all times. Economics is

an important consideration, but the cost of computers continge3 to drop
/

while the ability of school staff to use computers effectiv7ly increases. For

example, a PDP 15 today-is half as expensive and twice as' fast as the

corresponding model of the same size in 1965.

In the area of computer technology, there are two major roblems for which the

project seeks solutions: 1) What should be the distribpion of computer power
r

between locally situated and necessarily small devices, and the large and

central computers? 2) What should be the nature of th interface between user

and system in terms of the number and types of terminals required, the interactive

tirrquality necessary for efficient student and teacher ansactions with the system,
I:-

and their location'in the-echoo
i

,

Using terminals .in the school which operate remotely on the PDP 7/9 at LRDC,

the staff will test the hypothesis that a-small local computer could support a

terminal network at the school that would provide computer-based testing and

basic information for teachers to monitor and plan student progress. This

small computtr might also present CAI lesssons developed for teaching rnecific



rE
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laboratory as well ascla%sroom work th possible.

Evaluating educational effectiveness is still difficult since the data sample

is limited. For a typical course, data on PLATO-IIIhave been limited to

several hundreds of hours of student instruction. However, the results so .

far have been"most encouraging" and two cOnclusions seem justified:

1

fr

1. That computer-based education 'is a plausible approach to
improved individualized instruction in a very wide array

of courses= or subject material areas.

2. That the nature of educational testing and evaluation
requires,and will be radically affected by, the availability
of large computer-based education systems; a valid measure of

effectiveness calls for a much larger sampling of data and a
longer period of comparison than has heretofore been available.

Those developing and impleffenting PLATO visualize a particularly valuable role

for computer-based education at the undergraduate level at universities,

four-year colleges, and community colleges. They believe that a computer

system would assume a widely varying fraction of the instructional load. In

=certain instances, such as introductory courses in computer science, mathematics,

Project CLUE December 1970
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successfulinstallation of computer support for IPI will increase the

fleibility of the IPI procedures which are so necessary in such curriculum

areas as science and social studies.

Adapted by Project CLUE staff from a paper by William Cooley in

Journal of Educational Data Processing, 1970, 7, 18-28.

=,
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basic anatomy, or genetic's, a PLATO-type system might well assume the entire

load. In additipn, theVe would be,many cotrses in,which the computer-based

system would share the load more or less equally with human teachers. \

Faculty instructors c uld spend more of their time in advanced or interdisciplinary

seminars in which the/ discussion of human values/or the development of new.

ideas would occupy the entire/teacher-student re,ationship.

In the second majoriarea, the economic sphere, presently available CAI systems

(including PLATO III) entail total costs which range between $2.00 and $5.00

per student contact hour. The PLATO IV system s intended to reduce this cost

je by approximately a factor of ten, to about 35 cents per student- contact hour;

this figure is comparable to the lowest instructional costs in elementary

schools and'considerably less than comparable costs at colleges and universities.

From a budgetary standpoint, then, the operational.costsof the computer-based

education system corresponds to the direct instruction cost in the conventional

setting. With regard to the separate item of software, the PLATO III software

system was designed with a special view to reducing the overall effort and

associated cost of materials preparation._

The design of PLATO IV envisages a computer-based system which could reduce

the total cost per student-contact hour by a large factor-below that of any

system currently available while maintaining the unique student terminal and

4
system software capabilities demonftrated in PLATO III. In summary, the costs

for the installation of the computer(including Systems software) and the
-

management of the computer center would total approxi ate101.2 million per

year, or about 15 cents.per student-contact hour. If a comparable amount were

associated with the rental of the student station a d associated communications

lines, the hourly cost for individual student instruction would be less than

35 cents per contact hour.

. .
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lie/ cumulative and overwhelming trend of exploratorcy research results with

title PLATO III system suggests that this new medium will be educationally

I

bifective and enthusiastically received by students at all levels of age and

,x'perience. Ti-ere is every evidence thus far that this enthusiasm is shared

y teachers and authors as well.:

1

4,

/

Adapted by Project CLUE staff from a Progress Report on the PLATO Program
prepared by D. Alpert and D. Bitzdr \

\

Reference

Alpert, D. and D. L. Bitzer. "Advances in Computer -tBased Education," Science,
vol. 167, March 20, 1970, pp. 1582-90.
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The Computer Assisted Instruction Laboratory
Center of Studies and Applications, in Advanced Technologies
(Centro Studi e Applicazioni in Tetnologie Avanzate)
Bari University, Italy

The Center of Studies and Applications in Advanced Technologies (C.S.A.T,A.)

was established in May 1969 and operates at Bari University. It is supported

by several Italian agencies and industries interested in promoting research

and developpent activities in the south of Italy.
N'

A major interest of the C.S.A.T.A: is the development of instructional and

research programs in the computer science 'field. These programs concern two

closely related aspects: exploration of the use of the'computer in education

and the development of materials explaining how the computer is'used in

education. The CAI laboratory makes.use of the C,S.A.T.A. equipment including

IBM 1130, 1800 and ,360/65 computers. There is a continual effort to

coordinate closely the research and development programs of the CAI laboratory

with the Center's more general activity in the computer science field. Thus,

the laboratory utilizes when possible the methodologies of all other research

groups operating in C.S.A.T.A., namely, the group developing information

storage and retrieval techniques, the group working on numerical and statistical

analysis automation, and the grdup Investigating, pattern recognition techni-

ques and methods.

Research at the CAI laboratory focyses on three important aspects of the

computer's role in educatiOn: as an administrative device, as a logical and

computational tool-used by technical-professional people, and as a direct

factor in an instructional system. Thus, at the laboratory, the term CAI

is used in its broadest sense and takes into consideration functions common

to other computing systems, for example, storing, retrieving, processing,

disseminating and creating information.

December 1970 Project CLUE
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Staff have conducted courses for undergraduate and graduate students, outlining

the basic logic of data processing systems, programmink-languages (PLI, FORTRAN,

Assembler) and some'of the basic methodologies of the information scLences

(numerical analysis, simulation, mathematical programming, methods of information

managements).

Staff members working on instructional use of the computer for computing are

concerned with the development of conversational systems and mathematically

'oriented languages. At present they are researching a) a conversational system

for experimental data processing; b) a language for formal computation;

c) a language for mathemati,.cal programming; and d), the definition and the

carrying out of a new co versational system for automatic numerical analysis

and of procedures f r formal-computation. The results of these activities

may provide the foundation for using the CAI system for problem solving and

simulation in University curricula.

Instructional use of the computer as a medium is being explored with attention

focused primarily on the purely technological aspects of: defining suitable

languages for the student-machine interaction and their use in some experimental

applications, implementifig more flexible methods of %nalyzing student response

and developing methodologies for course management. The student-computer

interaction is accomplished through a language by means of its text-processing,

diagnostic and computational ftinctions. The different- kinds of languages

actually used belong to two main classes -- computational and text processing.

Staff at the C.S.A.T.A.,laboratory have studied two languages belonging to

these classes (Coursewriter III and APL).

Staff at the CAI laboratory definwithree-general areas of research and

development which they intend to .explore in the future;

1. CoMiuter Science and Instruction

a) the inauguration of training programs for computer technicians and
users

b) the development of =-new undergraduate and graduate degree programs
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2. Instructional Use of the Computer for Computidg

a) the development of suitable facilities and prototypes of use in

courses 'to facilitate convenient computing for students

using API:, FORTRAN, PLI for problem solving

using APL 'in simulation laboratories

b) the establishment of a research center and. consultation services
to facilitate general student and faculty use of advanced

application packages in all schools of the'University

3. Instructional Use of the Computer as-a Medium

a) the developmbnt of sYstentprograms',

b) the development of-a demonstration center for instructional
technkues,and course strategies

c) the development-of expertise in computer managed- instruction
by means_of a prototype course development project

d) establishment of a center for inetructional°evaluation.

,

Adapted by Project CLUE staff from a report prepared by Professor A. Romano
for the IFIP World Conference on Computer rducation ;1970 ,

\.1
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branch in any "real" CAI program. Instead, we adjust instructional treat-

ments constantly on the basis of moment-to-moment response topography.

Nevertheless since we are faced with the task of producing quality compu-lx-
_

based instructional programi, often under cohtract, we must provide the

instructional designer with some form of guidance even in the' absence of

theorems of instrugtion. Odt approach has been to give him a pragmatically

useful "instructional design model" (Gunderson, in press),which serves as

a quality control and management system for CAI program development. This

instructional design model prescribes a sequenc f activities, each of

which produces a specified design producOmeful ih quality control. The ,

model provides a systematic structure within which hunches, hi_uristic guides,

intuition, and other presently non-specifiable bases for designing certain

variations into instructional sequences can be channeled and made subject
7

to quality tests. The primary factor in quality control is the intensive

use of student feedback.at all stages of program development. By a time-

consuming iterative process of tet,ting and revision, an efficient program,

adaptive to a wide range of differences,differences, canibe developed.

/

At the more applied end of this project, then, we seer ways of defining

"treatments" and "aptitudet" as variables which can ye defined and manipulated

not only by the laboratory researchers but by the_inStructional designer who

works with the guidance of the design model. At 04 other extreme, we seek

through investigations employing laboratory concept and rule learning tasks,

and 1:m11-known gognitive-abilities, to tie our efforts to the body of

research -and theory in the psychology of human learning. Studies employing

the "Science of Xenovade Systems", an imaginary set of concepts and rules

'about the behavior of an atom -like-lawful system, represent the more applied

efforts'within this project, while studies employing concept problems,

. .

pair-associate lists, and other laboratory tasks, represent the other

effort.
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In the case of either task, the approach we take is the same. First, a

careful analysis of the task in terms of its requirements for efficient

information-processing is undertaken. This analysis forms'the basis for

specification of cognitive aptitudes most likely to be related to the task

requirements, and of treatment variables which might alter the task such

that the relationship of certain-aptitudes to performance can be changed

in predictable ways. Predictions derived in this manner are then tested

experimentally.

NSF Sponsored Research Program in Instructional Design: The emphasis of

this program of research, now in its second year, was summarized in the

abstract to the initial proposal.

Engineering groups in both academic and industrial laboratories
are working to bring about cost breakthroughs in hardware, i.e.,
.memories, student terminal devices, and communications. The
University of Texas Computer-Assisted Instruction Laboratory is
working to bring about signifisent improvements in both costs and
effectiveness in authoring sysrms, i.e.i instructional design,
instructional theory, and computer aids to authoring. The so far
elusive cost-effectiveness benefits of CAI will not be realized
until advances both in hardware and authoring systems are
achieved.

A spectrum of R & D activities from the basic to the applied has alwayt been

a feature of the CAI activities at the University of Texas. It has been

felt that the questions asked in learning and instructional research should

be influenced by the needs of instructional designers for theoretical and

empirical guidelines. It has been felt that systems research and develop-
,

ment from the computer-science side should also be influenced by the needs

of authors and instructional designers, and by the findings of learning and

instructional researchers. Projects undertaken in support of these program

aims can be summarized according to the following outline.

Project CLUE
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/

CAI Program Design as Influenced by Modular Prog, amming

A. Definition of Program Structures for Different Content Areas

B. Design of Author Input Systems for Defined Program Structures

C.) Evaluation of Costs' and Benefits of Algernate Designs

II. Research on Learner Control and Task Stricture

III. Systems Research and, Development

A. Research Toward Natural Language/-

B. Software to Generate Course Code from Author stems

C. Toward the Design of a Better CA ut or ianguage---___

IV. Studies in Implementation

A. CAI in College of Education Academic Programs

B. A Remote Terminal CAI Service Facility,

This outline is designed as a heuristic device to reveal the logic of our

activities under this program as well as to summarize projects. Thustit-

-

Wili be' seen that some projects fall under move than one heading, depending

on the:stage of their development. For example, a modular prograestructure

in a specific content area may lead to the definition of a paper and pencil

or on-line author input system, which -ly lead to a preprocessor for pro-
_

ducing the CAI code.

A theme of the research effort at theNUniversity.of Texas (UT) Vas been

that cross fertilization between computer science concepts and methods

and education (instructional design and educational psychology) will lead

to decisive improvements in instruction ivr students, and toward the

definition of a new "hard discipline" of education whiCh will produce

ultimately a new set of education professionals. Projects completed or

underway as of September 1970 are summarized in a recent report (Bunderson,

Simmons and Judd, 1970)'.

December 1970
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Computer Support of Individually Prescribed InstrUction

Learning Research and Development Center (LRDC)

University of Pittsburgh

53

The goals of a recently initiated project at the Learning Research and

Development Center (LRDC) are: to study,howrthe computer can best support a

school designed along the lines of individually prescribed instruction (IPI);

to integrally incorporate CAI'lessons into the rest of the school program; to

determine how much support a small computer such as a PDP 15 can provide in an

individualized elementary school; to ascertain what functions it can perform

as a stand-alone configuration; and to estimate the possibilities of using it

as a satellite system in a computer network, in which a Verge scale computer

performs the major data processing tasks required.

The n? project at LRDC is an exciting effort.to integrate two major research

and development areas, IPI and CAI. Since 1964, LRDC has been developin

/7/

i

a d testing individually prescribed instruction (IPI) at the nearby Oakreaf

lementary School. The IPI work involves curriculum delgn, text development
,

and specifications for management procedures and has already become widely

known. -

For some time the IPI project has used a remote computer, but toward the end

of 1969, staff began assembling a small local computer facility for the Oakleaf

School. When implemented, the facility will provide:1 1) a computer management

and information system; 2) a computer-administered, criterion-referenced

testing system for the guidance of students through the curriculum; 3) computer-
,

administered exercises for basic skills and concept learning to supplement the

other educational resources of the school; and 4) data for curriculum research

and improvement.

Project CLUE ,
December 1970
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Project IMPACT
HumRRO
Alexandria, Virginia

I App B Representative Projects

Project IMPACT (Instructional Model Prototypes Attainable in Computerized

Teaching) is an integrated, multidisciplinary CAI effort. It was initiated by

the Human Resources Research Organization (HumRRO) under initial sponsorship of

the U. S. Army. The objective of the effort is_ to evolve, through_cyclical

development and, evaluation, an effective, efficient and economical computer-

administered instructional system.

Problem areas addressed include computer system capabilities, CAI language

needs ane potential,and of prime importance, the meaning of instructional

strategies and their relationships to learning processes: The professional

staff (presently totalling 18) includes specialists in behavioral science,

electrical engineering, computer software, instructional programming, and applied

mathematics.

Rationale.

CAI is the ldading operationally ;Iefined edge of a model for individualizing

Instruction. It represents the potential for accomplishing a quantum leap in

adapting instruction to the momentary%needs and capabilities of the individual

student. The capacities of modern computers clearly provide some of the

prerequisite tools: "vast storage, rapid processing and retrieval, precision .

of control, and extended communication. But mere presence of these tools in

an instructional system is no guarantee of improvement. The total instructional

system must be taken into account. The problem for any instructional agent

(human or machine) is to take optimal action in line with an overall "best"

strategy for transmitting uniquely relevant information to the student. Of

necessity, recurrent deCisions concerning these instructional actions must

be made relative to 1) the subject-matter being taught, 2) the specific

student, 3) the momentary circumstances and 4) the available options (communication

9
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channels), if specified proficiency criteria are to be attained effectively and

efficiently.

The potential of CAI will only be realized with a systematic, persistent, and

iterative scientific effort leading to a synthesis ofiprinciples into a potent
1

model of the instructional decision process. With this realization the new

system of instruction can be molded into a cost-effective system. IMPACT

addresses itself to furthering this realization.

Approach

The total instructional system noted above is considered in Project IMPACT over

four phased development cycles. The heart of this total system CAI effort is

the iterative development and testing of instructional decision models (IDM's).

This cyclical approach takes.shape in a cybernetic system in which the set of

control processes continues to be.refined from.the input (student data) and output

(criterion performances),relationships_af_the_successive_IDMIs. Within any given

version., these control processes are embodied in the particular decision-making

rules incorporating system experience gained up to that point.

Over the four cycles of development and testing, the four prongs of the effort

(hardware, software, subject-matter and IDM) are revised and updated. The

first two cycles comprise respectively the development and evaluation ofthe

"breadboard" (preliminary) CAI system. Synthesis and implementation of the

refined components into a prototype; operational_CAI system is to be undertaken

in cycles three and four.

Progress,

General: The first cycle, assemblage and shakedown of the "breadboard" system,

is now almost complete. Limited numbers of students are continuing to be run

in order to- "debug" all components. Extensive data collection, evaluation, and

revision of this preliminary system is scheduled to begin in July of this year.

A film describing the IMPACT approach has been developed and is available upon

request. Detailed accounts of the initial, technical developments are l5pted

Project CLUE December 1970
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at the end of this note. One major difficulty encountered has been a funding

reduction which has led to a slowing of the overall progress of the effort. To

help compensate for this a major activity has been preparation and submission

of proposals on decision modeling to potential sponsors other than the Army.

To date this has resulted in additional support from the National Science

Foundation and the James McKeen Cattell.Foundation.

Specific: . a) first-cut, minimally sophisticated, IDM has been designed,

programmed, and awaits evaluation (see Seidel, et al, 1969 (b)). Factors

currently included are )
1) general and specific pre-course student characteriStics

of education, aptitudes and achievement, 2) within course history of momentary

and cumulative progress, including motivational indices, and 3) mapping of

subject-matter structure. The initial IDM incorporates estimates of student-

confidence and, use of. student inquiry (through a glossary technique).

b) The main frame of the hardware is an IBM 360/40 with 256K,core,

,a 2314 disk drive, and high speed card reader, punch and magnetic tapes. The

proviiional configuration includes completed construction of twelve functioning

student stations with Sanders CRT and visual projector allowing single frame or

variable speedo motion presentation (Perceptoscope). The standard response

capability is keyboard and light pen. As part of the effort to expand channels

of communication between student and the instructional decision model a preliminary,

operating version of a speech recognitisn system has been added to one terminal.

Efforts a e underway to ref.ne the system for multiple speakers and to expand the

voca u ry capability from 25 to 100 words. Ten specially constructed interface

controllers are currently being installed to permit dntegration of the display

devices from different manufacturers. Hand-printing capability using an electronic

pencil on a Sylvania Tablet has been experimentally installed in one student

station.

c) A COBOL course had been developed in three levels as the

.instructional content for cycle one. Debugging and implementation of a course

and decision model within the computer system is currently being accomplished.

A short, self-contained course in Authoring Techniques has been developed.
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d) Modifications to Coursewriter allowing compatibility with a CRT

operating system have been implemented. A set of superviiory programs and

subroutines (called Zeus) have been designed and implemented to handle IN,

command processing, task switching, and other det for Coursewriter in: the

fMPACT system. A set of Authoring commands has been developed and implemented.

A system of programs for Off-line text manipulation and control has been'designed,

programmed and implemented, as has been the IMPACT Data Evaluation System (IDES)

for retrieval, analysis, and summary of individual and grouped data. Modifications

:necessary to time-share multiple student-stations are being debugged.

Robert J. Seidel
Project Leader
February 24, 1970
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Educatronai Technology Department
Bolt Befrinek and Newman, Inc.

50 Moult-1n Street

Cambridge, Massachusetts 02138

The work of the Educational Technology Department is directed toward under-

standing and enchancing learning through appropriate development ana use of
I

-computers. Staff members are knowledgeable in many areas of computer science

.- including programming languages'', computer time-sharing. man-machine inter-

action, computer-assisted instruction, and computer graphics. We have sub-

stantiv educational involvements in many fields.'including mathematics I

languages, medicine, English, physics, biology, psychology, flying nenr-1

ing nd music, We- have done work in educational. testing, cou cling, manage-
It

men t, and administration, as well as instruction itself

I
Recent projects have included resear h into,--the use of programming languages

as a conceptual framework for mathematics teaching, thedeveloPment of

associated elementary, secondary, and teacher curriculum materia s,' the

,--

design_of6 a system for_cIinical training in medical schools (and 'of associated
Jt

medical case material), a survey of computer-assisted instrutti n, the r,ro-
.

duction of a computer-animated motion picture, the engineering 1evelopment of

a teletype-mountable opaque projector for use with'' dempnstrations,

the design and construction of a mobile teaching terminal with' sensors and

effectors, remotely. controlled by a student's computer programs, the develop-
.

ment of tomputer7administered,condi tonal tests, the design of new computer

languages (LOGO, MENTOR, SIMON) for instruction, and the development of a

tine-sharing system for educational management.

The activities of the Department eficompass.teaching, consulting, and/

research. Recent clients include the U.S. Office of Naval Research,
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National Science Foundation, the AdVanced Research Projects A ncy, the

Massachusetts Department of Education, the AMerican Can Comp ly, the

Medinet Department of General Electric, the General Learning Cornoration,

and toe Lexington and Westwood School Systems.

WalLace Feurzeig
Director

Project CLUE December 1970
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Samples of Instructional Programs apd Their Use as Tools for Learning

This appendix provie five examples of computer use as a tool for 1Parning.
Typically the learner, is introduced to an information processing procedure
and its use within the subject being studied. He is invited to use it L.ks he
wishes; sometimes performance goals are specified fr' him. The emphasis in
these examples is on the nature of the interaction and the pedagogical content.

An excerpt of a few pages from many hours of interaction between learner and
computer cannot adequately represent a set of programs used t1oughout a full
course. The descriptions given here rely on an explanation 6E the purpose
and method of the program, a dascriptidn of typical use, and suggestions for
expanded use of the program.

Because'it is so difficult to represent materials for regular instructional
use in a short space and within the confines of the Rrinted page, the samples
presented here have been reconstructed from real claisroom use. In-some
cases the demonstration shown here came first and was followed by elaboration
into a more substantial package sui*able for use in classroom instruction..
In the others, records of regular use as a learning tool were adapted for
presentation in this appendix\to make a point about student initiative, role
of the computer, etc. In ill cases the transcript of interaction between
student and compUter was produced by an existing program. '-

The set of samples in this appendix should be expanded to include Various
contributors and represent the full scope of computer use as a tool for
learning. Many projects and organizations were invited to provide samples
of instructional programs; none responded. .0n visits, ..!:aff cAlected some
examples which were promising but*too lonand ccmplex for this appendix.
Five samples were then adapted from work by the project director to fill
out the appe-aix, and selected projects were again reminded of the need for
examples in Lne CLUE report. Just before printing time one other sampl
.wes received, but no in a form suitable for presentation.

CONTENTS

1. Manipulati..,n of social scien,....e data: ,Voter opinion before and after the

1968'election. (Political Science) 2

2. ExpefIbnce with a 'Simulated economy: Integrating theory and. policy
planning. (EconmniCS) 6

3. Experimentation with an ecological model: Management of 'a natural ,
living resource; exploration of models for description and prediction.
(Natural Resources)' 10

.

4. t:i.essment of written e*pression: ws stories. (Journalism) 15

, 1

,

'
,

5. Ekecution and test of statistical operations with h-a real data base:
ClassroOm-learning research. .(Education) 22

Project CLUE -zSend Comment to:109.:Eaat Madison \ August 1970
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1. Manipulation of Social Science Data: Voter Opinion

Before and After the 1968 Election. (Political Science)

Introduction

This computer program is presented as a model for capabilities which

can enlarge the options for supplementary course work in the inductive

sciences: The programoffers the student a research tool to use in

investigating and interpreting data as he wishes, a possibility often not

open to the student because of the expense and time required to collect and
.

organize such material Lefore analysis can begin. The procedure can serve

the instructor as a teaching aid to stimulate discussion, motivate Ihdiidual

\study, or provide a source of factual material for individual or class

'NNNNp oiects.

-

US-e'of the program with data on voter opinion before and after the 1968

national election illustrates how the data-processing power of a digital

computer can be used to seek patterns and relationships otherwise hidden in

large masses 9f factual information. In this case the data file was derived

from interviews during the 1968 Election Survey conducted by the -.Iniversity

of Michigan's Institut/ for Social Research; the same file is widely used

by professors for political behavior research.

Objectives

The instructional package has three primary opjectives: 1) To enhance the

student's understanding of the theory, practice, use and limitations Of

survey statistics th'rqugh direct involvement with real data; 2) To encourage

the development of intellectual abilities used when uncovering and interpreting

information which is effectively "new;" 3) To provide direct contact with a

computir, at a level appropriate to the student's background ard needs, as a

worthwhile enrichment experience.

The program was prepared by _Nark Barnett at the Center for Research on Learning

and Teaching, University of Michigan.
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Typical Use

An instructor describes for the students the purposes of the program and

suggests how they might best use it to achieve objectives of the course. The

conversation trace on page 4 illustrates the program's operation.

After signing on*, the user identifies himself only if he wishes the

instructor to be able.to review his use of the learning aid through records

stored automatically. The program then lists any announcements by the
4

instructor. Fol the remainder of the session shown here, the program produces

a series of tables as requested by the user through key1,1rds selected from

a special list naming data variables and tabular analysis.

Future

Changes in the program are being made constantly, for example to allow:

1) comparisons between responses of a supplemental sample with those of the

national sample; 2) additional statistical computations; 3) automatic

monitor of-program use; 4, recategorization of origthal data; and 5) application

to additional data. 3e with similar structure.

The future for this-approach must lie in adaptations of the procedures and

date structures to particular needs of eaLO discipline or teacher, and

ultimately to the needs and interest of individual .students.

Project CLUE'
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CONVERSATION TRACE; MTS SESSJON WITH VOTER

PTS\(LA05-0023)
0DATA\UNCENTRATOR USERS COPY *CCNEWS
0signop sv20-
#ENTEW USER PASSWORD.mem
#**LAST SIGNON WAS: 15:32.46 06-02-70
0 USER "SV20" SIGNED ON AT 15:41.46 ON 06-02-70
0Source sv20:votrr
0$SET-.ECHO=OFF fit pre..setit goy 'new e
4gXECUTION BEGINS work. Copal:44y Is

buitt-44 for iwowiloriwy
e,cre of VoreR.PLEASE ENrqR YOUR NAME AS INSTRUCTED.

? users 4-

INSTRUCTOR'S ANNOUNCEMENTS ARE PRINT':D OUT HERE.

ENTIRE 0R STRAT?-`
? entire

VAR. NAME?
? think win

NONE OR SECOND VAR. NAME?
? none

frisfidefor car" wisitertaiii
spurt fae of imforimaitikft

for is sfuciatess-.

VARIABLE -- THINK W NJ

HUMPHREY NIXON WALLACE OTHER REMAINING
4

N = 1557 341021.9% 887057.00 790 5.1% 5= 0.3% 245=15%74;

NEW, FURTHER OR SAME?
fulther,

NONE OR FILTER VAR.,INtLUDE,OR REJECT,FILTER RESPONSES?
? seen twice reject 3
? none ElituitiSfe$, rest, oil de vets tome
VAR. NAME? were wet re- ibiterviewed after

the e;eclioh.? think win

NONE OR SECOND VAR. NAME?
? ,none--
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HUMPHREY

N a 1321 2911,22.0%

NEW, FURTHER OR SAME?
?

same

VAR. NAME?
? think win

NONE OR SECOND VAR. NAME?
? thot win

1

VARIABLE -- THINK WIN/

NIXON WALLACE OTHER REMAINING

5

76057.5% 59a 4.5% lea 0.3% 207'45.7%

HORIZONTAL VARIABLE -- THINK WIN/

VERTICAL VARIABLE -- THOTION/

N = 1321 HUMPHREY NIXON WALLACE C416R RcMAININn,

HUMPHREY 182 13.8% 82= 6.2% 16 1:2% 2 0.2% 55a 4.2%

NIkON 87= 6.6% 629-47.6% 30- 2.3% la 0.1% 101a 7.6%

WALLACE Oa 0.0% 3= 0.4%
t

6.. 0.5% 0.0 0,0% Om 0.3%

OTHER,. Oa OA% 2a 0.2% Oa 0.0% Oa 0.0% 1* 0.11

REMAINING - 22s 1.7% . 44= 3.3% 7= 0.5% 12N 0.1% 46a 3.5%

NEW, FURTHER OR SAME?

stop

THIS PROGRAM NOW 1ERMINATES BECAUSE

OF YOUR RESPONSE . CALL AGAIN,

STOP ,

#EXECUT:ONTE-11-MINATED'
V-SOURCE *MS*URCEi---
0sIgnoff

#ELAPSED TIME 303.783 SEC;

#CPU TINE USED 6.682 SEC.

APPROX. COST OF THIS RUN t.R1

i 6

Almott+ gth;$

....11,ok:s cof ref .i,

ri 6:4 k ION
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2. Experience with a Simulated Economy: Integrating Thebry and Policy

Planning.(Economics)

Introduction

The use of a macro-economic policy game is extremely effective in

bridging the wide gap between artificial economic theory and the real problems

of economic policy. Rather than leaving the student with two separate segments

of understanding and little notion of the interrelationship of theory and

policy planning, the game is designed to convey to the student an appreciation

of the real world situation in which the economic policy maker finds himself.

In an environment of uncertainty regarding the future and the linkages between

his policy tools and his ultimate goals, the student, like the actual policy

maker, must select a policy mix which will best accomplish those goals.

The game is not a substitute for, but a supplement to, the other course

material. The best model for game use is oue-which is sufficiently complex to

include the important dynamic characteriertcs of tilt actual economy and, a the

same time, is simple enough for the instructor to feel that he fully and rstands

its behavior.

The primary objective of the game is that the student learn to apply his

economic theory to solve his economic policy problems. He should be faced with

the same kinds of uncertair'ies, conflicting goals and other economic problems

that confront. the actual policy maker it the real world, yet at the same time

have the assurance that a consistent 'Adel similar to the ones he has seen

before is directing the behavior of the game economy.

It is intenders that the student view his game world as th- policy Laker

sees his real one: a set of statistics, ordered by unknown forces, on the.basis
,

of which policy deci4ons must be made. He uses the theoretical tools at his

disposal to analyze the data as best he can, makes an irrevocable decision for

which he is held accountable and learns from his mistakes as his economy

advances over time and responds to his actions.

Robert S. Holbrook, Department of Economics, University of Michigan,
prepared this model; with assistance by Richard Kopeks, IN1 derived it from -One

developed by ILicAttiyeth University of-California at San kego,;
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Use

The model represents a world composed of ten essentially equivalent

countries. In each country, consumers and business firms are assumed to

regulate their spending behavior according to income, prices, interest rates,

etc., while the policy maker has conttoi of taxes, government spending and the
I

money supply. A feature of this model which distinguishes it from other models

of A similar type is that the ten countries are interrelated through international

trade and capixal flows.

The students in the class are divided into ten groups (three or four students

in each) and eadh group is responsible for policy in one of the countries.

Their goal is to achieve the best possible degree of full employment, price

stability, economic growth and balanr of payments.equilbrium. To do this

successfully requires that they undciirstand the workings of their own economy

and be able to forecas' its behavior.

At the beginning of the game the students are provided with a set of

histgrical statistics for their economy. These data trace the behavior of

their economy for the preceding four years and pro/ide them with the sort of

information available to the typical economic policy" maker. Each group

attempts to analyze the past behavior of'their economy,Jusing the relevant

tools from economic theory, and on the ba0.s of such analysis they formulate a

policy decision which takes the form of changes in government spending,

' taxes and the money supply.

Any actual decision is implemented at one of the coraputer terminals on

the campus. Once a student group has accessed the computer and called the

program, the computer immediately asks the group to enter its economy number

and its policy decisions for the folloWIng quart2r. The students key in this

information; 'the computer reprints it in full detail and allows the student's

an opportunity to change their minds or. correct a mistake. If they signal

that their decision is correct as printed, the solution utilizes

their decisions, together with other predetermined informat,....)d, to solve for

the new values of all relevant variables. It 'stores these-new values in a file

reserved for that particular economy and also prints them out for the students

at the terminal.

Project CLUE July 1970
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Experience with, the simulation is tied in to real world events in policy

planning and also economic theory by discussions among students and with the

instructor. To obtain full value the computer-based exercise is interpreted

and tested outside the artificial gaming, situation.

Future

There are a variety of modifications which could be made in such a program

as well as alternative'uses to which the model could be put in the future.

Stochastic elements could be included in the equations-of the model, thus

adding an additional element of uncertainty to policy making and rendering the

game more realistic; The stochastic version of the game might also be usedas

a source of statistical, or econometric examples. Since the model produces an

essentially unlimited array of,statistical data, examples of almost all teal

world econometric problems can be found.

(

Project CLUE
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LOHR GNP ACCOUNTS

REAL REAL REAL REAL REAL NOM REAL

QTR GNP C GFI INVCHG G GOV. CCA K L

21 665.1 455.7 94.F -2.6 117.2 136:0 59.1 2118.0 70.40

-REAL REAL NOM
YD RE M R t; PCHG P TO . Ti INV

REAL
T
96.3

W

485.5 24.2 145.0 7.52 5.11 1.91 1.166 -22.0 0.190 33.3 265.

TYPE Aus''ii YOU WANT-TO-IR. Y ANOTHER QUARTER.

An utiacceptaily his6 iaies4ploysiert rate prompted
the stkcieett woke ac(ithsfulemts whida he f/t'
woe& lower it

INPUT ECONOMY- NAME AND CHANGES IN VARIASLES GOV,'M;-f0, 44-ti Ti.

lohr At944:: Cit1b19eS YAM'S ivl feiree of 114e fou-r
3

5

0,

-. 03

yes

parameters produced 'file dest*rei reditclioti. 14101e;
helve er, to vi cows ;fast t citinistes iti o+40.- varialotes
parlicularly iwferest ride (R) emot price loge/ (P)---
tuhose low9tertm effects mew procifice Ncrease 14-

IN' ECONOMY LOHR YOU HAVE ADDEv
3.0 TO NOMINAL GOVERNMENT EXPENDITURES . 44-vigtmplorigetft.

5.0' TO THE NOMINAL MONEY SUPPLY
0.0 TO THE INTERCEPT OF THE NET NOMINAL TAX FUNCTION
70.030 TO THE MARGINAL NET'TAX RATE

)

IF-YOU DETECfAW-ERRORN*YOUR INPUT TYPE 'ERROR'

LOHR GNP ACCOUNTS .1(

REAL REAL REAL REAL REAL NOM REAL REAL.

QTR GNP C GFI INVCHG G GOV .CCA K- L T

22 730.9 A.5.7 87.3 8.7 119.2 139. 59.3 2126.9 70.68 88.

REAL REAL NOM
YD RE 14 R U PCHG ,P TO Ti 1NV 61

556.1 26.9 -150.6 '-8.1.... 0 2,50 0.59 '1.168 -22.0 0.160 35..5 317.
^.... ...... .............e.
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3. Experimentation with an Ecological Model: Management of a Natural Living
Resburce; Exploration of Models kir Description and Prediction.
(Natural ResoUrces) /

Introduction

Learning situations involving models, simulation and'computation.have been

explored in many areas incluaing_economics, biology, chemistry, physics,

sociology, political science and psychology, This sample was prepared for
e

a demonstration in resource management and-has been used In class instruction

ever since. The most interesting pedagogical feature should be tht natural

are, beneficial relation between the use of the computer As a=training device

and its use as an-aid in scholarly research or onthe7job performance.

The student who becomes familiar with the use

- modeling has acquired a powerful intellectual

this modeling exercise report quite favorably

and promotion of skill-and understanding.

and the process of mathematical

tool. Students who have used

on its stimulation of interest

Objective and Pxocedure.

The exercise is designed to give a beginning student, practice in managing

a simulated fish peculation and in manipulating the underlying ecological

model. Such a research tool offers students at the introductory level an

Opportunity to model processes or Lft.rily beyond the reach of their

analytical tools and patience for tedious computation.

The task for the student, acting the role ff a fishery manager, is to build

AID and maintain a salmon population in a way which maiimi7as the catch taken

by the fishery. He may establish for each year the minimum catch or'thc:

escapement.(the number allowed to swim up river to'spawn). Valuesof catch

and escapement for several preceding years a're provided as background data

This'progtam was prepared by Karl L, Zinn from a model and teaching situation

developed by,James T. McFadden, School ofNatural Resources, University of

michigan.-

Project CLUE
August 1970
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After "managing" for a five-year period (barring complete destruction of the

population while doing so), he is'given a summary of fishery success and may

decide to start over (set time hack to,1970), contir-- working for another

five years, or stop the game to define what he thi is the best management

strategy. The "game" for the student is to discover the model and work out a

good strategy for managing the fish population.

The underlying model for this simple game is an eqmation defining the run,

the total population available for catch or escape, in terms of, the previouS

year's. valoe of escapement (number available for spawning). Management by

setting the, escapement near the level of a Parameter called PEAK is the

optimum strategy for the initial model. A proctor or another student can

reset the parameters of the equation to change the Model and make it a fresh
,,

exercise for those who have not yet seen or analyzed the equation. Presently,

the program permits a student to list and examine the model only after he has

described a strategy quite close 'to the optimum one.'

Description of Typical'Use

The learner begins in: the role of raanager_pf a fishery located at the mouth

cf a river. Usually he already' a considerable knowledge of ecology,

maintenance of populations and sound management techniques, but this is the

first test of his ability to apply, that knowledge.

The teaching assistant establishes the connection between the terminal device

and the main computer.. He requests the file which describes the population

model and the management, game situation. He has -the option of determining

the model and parameters of the Initial mandgement game before turning the

terminal over to the student.

o'

The PIL te_mslator prefaces each line by an /2
If to show ir is-ready,to

receive instructions or data values. The proctor telects,an alternateJ

,

Project CLUE August 1970
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version of the model (#90) and changes the parameter which determines the

value of escapement for a, maximum catch (15,000). All numbers are expressed

in thous,ands of fish for user convenience.

..= SET modp1=90,
= SET peak =ll

A standard model is us,u1 for demonstrations, introductions, and certain

practice. The user (proctor or student) may also select other models by

number (90 - 98, since -these_ are_1ie program "parts" ,in which models presently

are stored); or ask the computer to select one of the available models at

random. If he types USER, the system queries him for the parameters of the

model, or he may type instructions which define his own "part 99." In this

way the proctor or teaching assistant may set up special conditions-for any

student, or one student may set conditions for anotherto play the _game.

The proctor tears off the paper (or erases the CRT) to hide else crucial

information about the underlying model from -the player of the game and types

"go" to indicate to the TIL translator it should begin the procedure.

= GO

HISTORY 4

YEAR CATCH ESCAPEMENT

1967 13.169
12.938

4,830

1968 6.730

1969 2 12.083 14.683

WHICH MAkAGEMENT STRATEGY DO YOU' WANT TO ADOPT:

1$

Project CLUE
August 1970
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This student decides Co assure a minimum catch and indicates his selection of

that strategy.

= catch
'\

YOU MAY CHANGE YOUR STRATEGY AT THE' END OF ANY 5 -!'EAR PERIOD. NOW IN

THOUSANDS OF FISH ENTER YOUR SELECTED CATCH FOR 1970.

't

= 16

CATCH = 16,000
ESCAPEMENT = 2.000
-ENTER YOUR SELECTED CATCH FOR 1971

= 10

CATCH = 10,000
'ESCAPEMENT = 1.000'
ENTER YOUR SELECTED CATCH FOR 1972

5
/'A/

NONE ESCAPED: START OVER.

BY WHICH STRATEGY W L YOU MANAGE FISHERY:" ESCAPEMENT OR CATCH?

He learned this lesson uickly and will imxt try the more cautious strategy of

assuring that a-minimum number escape to spawn. Actually he could have managed

well enough by setting catch had he studied the history and made some inferences

aboilt this population.

'escape

1970 ESCAPE =
= 8

The student had to face up to a "simulated" failure for the fishery. He

goes on to apply now some of the concepts he had read about and discussed:

After five years of harvesting (not shown here) he is reminded of fishery

economics, and invited to break out of the same.

1974 ESCAPE =

= 11

CATCH = 15.000

Project CLUE August 1970/
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FIVE-YEAR SUMMARY
TOTAL = 67.000

/AVERAGE '= 13.400

DO YOU WISH Tb BEGIN AGAIN, CONTINUE, OR DEFINE OPTIMUM STRATEGY?

I App C Sample Program

I =
=continue,,

i -

This Student gains another five yeai-s of experience which is ncluded again by

a summary and reminder. This time he'is ready to discuss the gam-.

= define

'ARiw STRATEGY
= escape

tOPTIMUM =

FOR ESCAPEA,EVEL SET- AT 11;000, 0

CATCH:SHOULD AVERAGE -_ ABOUT 19,000

. -19.000 IS THE.-BESTNONE_CAN-DO_ON_T4 AVERAGE

YOUR ACTUAL,,,TERFORMANCE FOR THE_TRI SESSION WAS

--ENTIRE = 150.000

_AVERAGE=-15.000---
/

If the student.had not prescrigied a reasonable optimum for the strategy Of --,
i , . i

his _selection, the program wOdld hkve referred him back to the game for further

practice. Had he selected the strWtegy of determining thecatch in advance of

-

.-

the fishing season, the-program wlld have reminded hit of the difficulties,of
,

this approach.

=Once:the_studentAlas demonstrated am tery of the management task (within

,

the loosetolerances
teiand the keyword checking in a short

_dialogue-tot-shown here)f-He is invite'a to examine the model-underlying these

TO MODZL,UNDERLYING=THISGAME?

SET=RUN=2*MWESCAPE/PEAK-MAX*(ESCAPE/PEAK)_ * +8*RN OF'ERRORn4

90.2 IY_RUN<MAX/3-=$AND---ESCAPWEAK,-_SET RUN=MAX/3

IF RUN<0

--MAX --=

PEAK = 11

August-1970
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1.5

./FOR FURTHER
EXeLORATION OF THE YODEL YOU MAY.CHAIGE PARAMETERF.

TYPE, FOR EXAMPLE, SET,MAX=40.,

He can then revise the Model in kcier to play the game agair, or-more

ph.4ical1y,'"simply display the relations and error distribdtions according row

the chance factors included in the =del.'

= "FOR 1=1 TO 5, TYPE IN FORM " ." ", 8*RN,OF ERROR - 4:

0.118
3.195

-1.970 ,=fl

= FOR ESCAPE = 9 TO 13: DO PART MODEL

ESCAPE RUN CATCH

9.000 25.091 16.096

10.000 28.113 18..113'

11.000 32%456 21.456

12e000 29.589 17.589

13.000 27.282 14.282

4

-7
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A number of students demons,trate considerable Confidence with the computer

As a research tool, modeling rathe4 complicated processes ordinarily beyond

the reach of introductory level students.

Futdre ,

The sample described is only an ineroduction to the approah. The model&

given to students in resource management aremuch more complicated, even at

the research frontier of the discipline. Projects completed by advanced

students have contributed-to ;the research program of the professor using

models for instructional purposes.

on population models is directed also at

use in management games for instruction of beginning students. A number of

natural living resources have been 'simulated, but operational, economic and,

political _Components of a realiStic -gAme have not been developed yet. .

u

Sampling procedure and statistical routines shoul be added,by which the

student_ obtains information.-about the ,population. He is given finite resources

for measurement and control activities, and might fpend them unnecessarily on

_
e-xcessively,ccurate determination-of the-population = status at one time. The

management decisions of the-student affect not only-the population, but also
---

t11e attitude and actions of many person& concerned about the particular

natural living resource. For example, in the sinOle salmon fishery game the

program responds "Fishery is _concerned abou the low-catch"when the_midiager

lets it _fall as low,:hs 5,000. Economic an political aspects of the models

be expanded.

.4
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4 Assessment of Written Expression: News 'Stories (Journalism

Introduction

The fundamental nature of computers is as appropriate for manipulation of characters

used in written expresgion ag foroperations on numbers used in mathematics. Although

automated procedures are not alple to determine what writing is "good" or "interesting."
-.

Computer programs-can handle lasily such straightforward matters

to a specific formof express on, especially one which is as stylized

Automated techniques ca

samples, more quit ly, and----'-w4Th,greater consistency than can most teaching

as checking adherence

as a ne ,s story,

provide, for the same or less cost,\analysis of more

,

assistants. Of course, the machine should not be considered a replacement for human

response to written expression. It can serge as a useful intermediate chetk on

mechanical factors importpit to a particular exercise, -but= the machine's interpretation

can and often should be appealed to the judgment of fellow stUdents or the teaching
t

staff. Perhaps 'the computer is best viewed as= an ally of the student which helps

hinr shape his writing in 'the form he Wishes.--before taking it to his peers and tAachers

for comment--=on, content.-

The designers of learning aids for journalism students in the schools and colleges

can anticipate the performance aids these students will- find in jobs and in hobbies

.
and recreation five%-years laeer. The experience with computer processing of writing

exercises oNiki.41¢4 as students n .4y be especially valuable to them as practicing

JOurnaIists during_ -the next decade- whe- n, they encounter the methods of computer_

assistance-in --editing-which _are now -being deVeloped-.

--4 ,-2{3_1,jectiye-_and Method --

Students need frequent and consistent reaction to the,r Writing. Howewr,

instructors teaching .c.omposition journalism /
and technical or business reporting

courses are often overburdened by large classes. The editorial analysis programs\

enable the journalXml-StUdelle to obtain from-The computer a. thorough), and rapid

.-- analysis _of_ 'bOth- the =style -and= content:of :11=-1-Writing-Sample. -,-

16bertilishOp-,=i-Depsrtment- of Journalis-t, UniVerdity of:MiChigan, initiated the

the assistance-,of the Center for

Research-I-mil-learning and Teaching._ note-- is -drawn from -his proposal for

fur fier-

_

-develOpthent.- _

4
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8xpensive parsing programA used -in exploration of natural language processing

are not necessary. Computer procedures developed'at the University of Michigan are

-used to _examine the text of a teport, essays or article for inclusion of specific
,

information and conformity to a-patticular style. The student does not need to

_observe any special constraints in preparation of his text; the student or a teaching
_

assistant need only type the story on a keypunch-.or on-line typewriter entry station.

By using variationsof the readability formulas deVeloped by Rudolf Flesch,

Robert Gunning and Irving_Fang, the program computes the,average length of sentences

and percentage of polysyllabic wordsighich together give an indication of the level

of reading difficulty. The zomputer provides an overall readability rating and cites
4

specific sentences and paragraphs which may need revision.

The editorial analysis program also poinft out possible violations of journalistic

canons such as the overuse of artyles,-adjectives,,Aliches, or passive verbs as well
,-

as failures to con-arm to the AsSociated Press style in such matters as punctuation
_ 4.

and spelling.

Description of Typical Use

=
Students in a, begirining class= in journalism first receive instruction in the

basics of clear, effective writing. Then they-are introduced to the computer-assisted

writing program which-14111 give them_an opportunity to practice their writing skills.

In a typidel exercise4- each student -is given thp raw-information from which to

write-e-news -story (for example the public relations release in Attachment 1). Theas

student keypunches his version of the story onto punched cards to be processed by

the computer in batch Mode, or, at somewhat greater expense, types his story directly

into the_-__Computer :at an- op -line -typ-ewriter.
-A computer print-out -gives _the -student -a =copy of his story and the comments

made about it by the editorial analysis program 'Attachments 2=a and 2-b). The
-_-= =

analysis of one exercis-e presently costs about $1.25 on the Michigan Terminal Syitem

(time-shared IBM 380 dual 67's). The student also receives from the instructor a:

"model" version of the story (Attachment 3) to craparewith his own.

The student completes six exercises,,which require turning data supplied into

articles to be checked .by the computer for content, as well as style. Then he is

asked to_write-six more articles on subjects of his own choosing. He obtains

feedback from the computer on each of the 12 exercises before going on to the next one.

August 1970
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The editorial 4analysls program checks each of the first six'exercises on

specific subjects for accuracy by comparing spelling of names and presence of specific

facts to previously stored files. Completeness and order are checked by searching

for key words and Ohrases.

(assigned subjects and free. choice) are scanned for readability
,e

and style.

I
Future 4 -

;tic:

L

Several modifications of the--zprogram wbuld make it more responsive to the needs

of the individual student. Because of the expense of compute "r--cime_required, the

-project has not yet attempted to match a student's article against stored models.

If this step were computerized, the student -could receive a copy of the model story

nearest hisl own organizaticn and style of writing. This would permit more

flexibility 1-ian comparison to the one model now handed out by the instructor.

Ifta cathode ray tube or other rapid display -device were available, the student /

could edit his article on-line, enter cit for pxocessing, and then review the computer ---

-responses _keyedito the original _copy still shown- on the screen. Ale could ,revise

and retest his copy_ealaany times -as he wished to, for _example,- to -impro-ve it

readability index. \

All these technirvies should lead to professional Ilse of computers by journalists.

--
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Attachment

Journalisth 301*---

ANN ARBOR MICH. -- The University.of Michigan Medical School togethr
_ -

with the SUrvey Research Center is doing a study of families with chronically
ill or handicapped children. Between 200 and-300 carefully selected Michigan
families will be katerviewed this summer by University of Michigan interviewers.

"We want(to talk to parents who have been in the difficult Tosition of
having to deal with recurring illness or long term disabilities in their
childten. We need their help if this study is =to be meaningful," said Dr.
Monica Blumenthal, ,the principle investigator for the study.

Dr. Slumenthar and her associates are interested in the physical and mental
health of =parents of youngsters suffering -from mental retardation, cystic

.

fibrosis or ot er chronic ailments. She said there is very little information
is kind availahlelat present.

ion of chronic_

a- _ grant roia--the National_

erne ein- vestigators_to ma e a,:more
_

et-hafpensftO the -_health= picture o_famliies
-InessoccutS.__ e information would- be helpful

retrs-_'Erin

to feS

tireA.narances_an p_osSibly _change_ the

andlinptheSe_-_situatiorisr Dr
utent a

Ren=_Carefill selected in advance
e state. They live in
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-FAMILY HEALTH SURVEY 4 -;
January 25, 1970

Attachment
Studens tss-Version of Story rtt

A study of families with chron lcal ly M1 handicappeti

children is being .done by, the University of-Michigan Medical
,

School along with the Survey Research Center, Between 200

and--300-carefully_ s_elected Mrchi.gan families will be

interviewed:_th-is ---Stimmer- by -Uni-Ver liy4esearchers.

been In the-

recuer n

"We= want to tal=k o parentt_whohave

ion Ica -B.l ume

-u elpe ey_

w the

roblems
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Attachment 2b

-COMPUTER _ANALYSIS (do_urnal ism-301 Story 6)

Some of your sentences= --atSinar to be _too= long. Check them tosee if they= can be= conderile'd4 1 =f the- can't, you may wish tobreak

Check sentences3,

y4u cannot condense it,
4

wlthtn the

Men_ta 1_ Het- --t h"

our stor_y-.
ute a synonym
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Attachthent

Name

Course

Slug

Section

23

Model Version for Final Comparison

What happens to a family when chronic illness strikes one of the children?

Nearly 300 Michigan families with chronically il.l or handicapped children

will -be -asked that= question -"thiS summer the - University- of Michigan' s

Medical- _School- and -Instit te,:for_ So Oka --Research.

I
"We want to talk to parents who have dealt with recurring illness or longt-1

-_ IF
term disabilities in the T children, said-Dr. Monica= Blumenthal , the=

,-=
- principal investigator:

. .
_

-- _4 and- mental
1

The investigators hope to find what happens to the phyaical. -

-health of families aced=with a-chronic Illness such as-mental retardation

1 44

anticipate-_family _res :and "'possibly change__st s ibl-

andIing these-=situations," Dr.

-7

-7.
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Execution and Test of Stati fcal Operations with R

Learning asearch. (Ed'ucation'

Introduction

it is assumed that sound teaching /h research methods requires: (1) that

the stuthnt be able to. develop theories involving relationships among variables which

are defined and for which suitable measures'have been proposed; '(2) that'he be able

Data Base: Classroom

to formulate theoretical'hypOtheses of a nature which czQld prove crucial to the

theory; (3) that these theoretical hypotheses betranslate ,into star s ical

hypotheses; (4) that hOnow the relevant research design -and, st s
for- setting up-his experiment and analyzing- his data; (5) that hd b-e

an experiment within era

test his -hypotheses _orvrefl-data.

Objectives= andrIl-roCedures
, r

=

icai techniques

able to plan s

uable sets- of constraints, for example, CoSt` time; and

The computer _pkogram was designed to provide students in educational search

11meaning Jul hypothesis-testing experiendes_with a real data base. It 4s the task
t. = I- ..- -

of the -Student to analyze .copes of_ the- teats -for which= scores arCavailable,
-f _

generate hypotheses as to possible-relationships mong_ the variables in the data

base (see Attachment d ',then), with the-aid of _the-Computer determine whether,

or not the= ypotheses were- Supported.=

the programs are-m-ot= designed= to -ins trUct_ th-e tud_ent in statistical

Computation proc- edures,- but to proVide the_statiatical results for the hypotheses

the, stud-tntwants to test. This allows .the. student to function as an inquiring
--

-,_. . .

= researChe
= , _

- -,..
of the statistics he

cs for 'which the

tten to calculatepreSent-it e _program- is-

e-4ast .tw-o years- b_ y India

Starks ___ end_ =Ws e Davis loth

eat ing_at-_theiVniversity_o
end_ -Cohen- Ste-Veliaraton 'and -John -Bauer.

_

aro- from. the Air Force Office_ of Seientific

July 1970
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meant, medians modes standard deviations, 'correlation coefficients, and l-tests.). =

The studenc may select a .sample- (random, ratified; or entie populatibn), selet

the siz of the sainpe if itlThndôin, and determine the statistic the computer is

to calculate.

=

The students test their hypotheses on a real data nase- Therefore, the

hypotheses they teVat are poteniaily meaningfuL and the re-lationships they discover

T existitflin the sample tliatwas'tested

-1 DescriptioziofTyplcalUse
.

..

-
- -

First the instructor discusses the data source ad its originai,use, and features

- c itha program which- will help the spident test his own hypotheses. AT port\
j computer terminal is brohtinto the classroni and operated by r asistant, mai1I\-

an easier introduction for students- who have had previous- experince giving instructions

\ .
j- s'

to p. cdmputer. The students formulate hypotheses based on lnfohnacion given them
-r
:

-

-

about the origiml data file and psychological tests used, and learn liinnediateiy hic

S _!-

of=-these may be supported byiheL,data.

J
The students then sign iØ to use the progrann groups of three t pursue

f (.
more; careful definitIon and testing of hypotheses.. The use of groups stimulates

j discussion which results in the generation of moxe- interesting hypotheses than

cons truted by mist individuals,' and having second student present helps each

I indiidual learner confin. his progress. - -
I

I . -- I

The computer cost perroup per hour was approximately $2.50, abnut per

J- stuàent.
-.

Most students---easiiy mastered the program. After a warm up period In which-

the main concern was-finding the corr 1ces -on the keyboard, many god qixestlons

I --- we-re aeked. The most Interestin& questions 1ere usually generated fini the results

I -. of the calculations they had plan to do when they entered the terinnal ropin.

Oft-en their original hypothesis was not supported, and they tried to find out why

(
bylpoithig at differetiti variablc's or-different samples, - L

-! ,Sgetioif-oruture Use
-II;-,£

J

-\ -

-
This system is sIguIficac 'ecause it gives s'udents anopporunity çø do

/

smething that has becn difficult todo before in a class in research design, La,,

/work
withJ data. - ven at ptant tleada students to use the camputer. for ,

- work- in other courses or- for indepeneat study.

ProjectCLlJE
Julyl9lO
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The 'dat available for analysis were...collected i a longitudinal 'stbdy of
..

creativity, achievemept, ability, and certain personality factors by Denny, Starks,
-

. and F.Cldhusen. 1Se data were obtained in 196-2 for 2.19 Children in seventh and eighth
0 , _

grades in a-small city school system on the to 1 lal ing : the-Co equences Test

. (Christensen; Merrifield, and Guilford, 1969) 'which yields measures f ideational

Al-fluency and originality, the lt ernate lises Teat (ChrittenSen, Guilford, errifiefd,
and Wilson, 1969)'whicb yields a measure of spontangRas- verbal flexibility-, a

creative traits checklist, SCAT, STEP, and anxiety Oarason, et. al., Gen a
' Followup data were obtained in 196_6i when' the _stikdeirts---were° in eldventh and

, , .
N.,..

grades, on- e folloWing: -. the same divergent thinidng tests, the same . checklis
%,,----

creative_ ability. The peer- - nominations were obtained by_;havinfg all studegts

-- identify= the _five Most- creative boys- aid the five most creative girls an thei
1___

_, -(1-1th and 12th_fgradesY.- The -score is ;t-he- -total riuMber of bees a' student was12th{ f-

,--,- nominated_by_ his _pee s. A___separitleset of __stoTes was generated when these stores
,

. .. _ , .
, normalized:were conorte& to _a sir- - point' -stale t0=_7torre'ct for abnormality of the-

--._
distribution.--_ --f -?_-- -" -_-

= - ---- --- ---:..
es-teacher nominations-were tectired-by7Fia_ving All teachers identify 5 to a

-- -1 -
-- -

each of-Jnnior _and_-,senior boys-and Scores were reported for.teather tatipgs
_- -_ ,,,-wert:report

-

.

_ i

e=thec -ere ve-_traq._ to yielded ,e-eVen=-,sentes:
s______s

-_-Factor rived, out-a:teeter --anaele,_ g,socially eonformincreative self view.
\_ -,;__--

l-y--__
_---. -4._, -------

_- -Thostor=--- -eocial -i-n-O g---2e-reatiare_ 1.6.7.
-------__-_

--Fa cis t or -= -:energetic- ,a an_i i_
--_---

c-__rea_. ti e s-lli vie_ .

factor -1V ident--atid-tO draWin eartiveelf -view.
-___

eirive measure of ideatiranal fluency,
=

e ure of flexibility.
a Snore.

for whew complete 1962

July 19-70
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App C Sample Programs

Attachment II

I. 'State the question you Wish to ask:

Name

Date

II.' State the meplod you will use to answer your question:

A. Sample to be used

I:- entire n-opulation -

it

---2. _!_ random group 1 N= 1-

- . 3. __ stratified =group -- Stratified_ on -

:Calculation to-- be uSed-

4. standard deviation
5. correlation
6.- ttest_'_ c

S.

=

:=State,:-the;results---of-7y urLsinvestigation =

, -

= _ _

.

L.

_ --' ,_
_- = / ,

_ - 7- ----

at iconclusiens_---haVe
;

-- You reathed-_-regardiug-Ydur question?

= 41-- _

6

1

I

4970
_
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Attachment III

ti

I App C Sample Program

This attachment 'consists of two sample interactions between a student and

the computer. "In the first the\, students intended to determine if teachers,

when asked to rate the most crea rtudents =in their class, probably rate

,something'more They hypothesized that there would be a high positive
f 'ff

coeretation"between 'a student's IQ and -the number of -tittles he was selected =by

his teachers as being creative. As a result of the initial -correlation coefficient

----11=f-T58 (using a random sample of 45), they wonderekif a student's peers ratl

him, in a manner similar° to the teacher. They produced a second correlat on,.
with the same-sami3le, obtaining this time a_coefficient of ;41. It is- now the

responsibility of the studetits to= interpret. the results--of his investigation.

--1

I'

Th% second interaction-shows students testing a difference b4tween IQ scores

for boys and girls in the.. total population available;'' The two samples (boys and
I

girls) were 'selected and a t-test was_performed to test for a significant

difference. Again the students must interpret the results; further confielatiOn

and new ideas are= obtained =from= class diseussion.

_August_1970-_
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I App C Sample Programs

jTATTSTICs

. SS-ET Fait OFF = t
# E X E.aUT I ON lEri I 14::,

STATE AN HY'POTHES'IS

GT?L'S

NO

At tachment IV

SCO r DIE7sPEq- .5TGAIT, TCAAITLY FROM. S To c'r'ORFc

SELECT A SAVPLE (SO CE

29

STRATIF±F.O

SPECIFY YOUR-FIRST 11.

O

-VALES Q.R FE ? a

ES

AtCU AT-=10N

1970_
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I App C Sample Programs

Attachment IV

FOR THE SECOND TI tE (THIS TEST) ...

SELECT A S AVPLE (SLICE 1)

STRATIPTE0

SPECIFY YOUR FIRST SLIE1GROCI?

SEX

VALES OR F F./AAL-F.S ?

(STUT1ENT ?UST NOV SPECTRY

4 THE GROUP r:Iprin WHOM THE

.4.
GIRL'S TO SCORFS WTLL PP
COMPARED)

VALES ,

F URTHER STRAT I F I CATI ON?

(TOTAL NUMBER OF BOYS)'

ENT R- THE -NAVE A

I EN1OR

N

=-GRA QE-LEVq.- 'ESL

WSJ' 3E EQUAL

TUD RED :="4 US T __NOW USE' -TAH

ERMTN 1:1.- 2= IS SICK

970



VOLUME I APPENDIX D

.DCMAIN OF COMPUTER OSE DEFINED FOR PROJECT CLUE

' CONTENTS

A Problem of Names'
.ar

(Tbe origins and connotations of various acronyms ,, are compared;-
-Proj ct CLUE staff have avoided use of any Simple labels for the
ent're field of instructional use of /computers.)

- Modes ofjComputer Use

-(Th usual approach _to =characterizing .the variety of uses of
com liters in the instructional process-is described; clasSifications
of en writers are comparedin a summary_ table; modes are igroupe-dze
into four areas'.

5

-Insttudtion =ado =tl e =le ning-p_racess- =
lianagement--;o tistru tion-,re-sources_-:and_ process

-vPreparation`=,an=
=

Ofher--_Us 1---iniOritartiai=prodes-s-int:

I

,,-__
= Dimension

-7-=== An,-a4ern-at-iv_eiapproacifit-ondescrib_ing computer use __intended_ to
em as=1:ze== e---:Computeco _

_- ---=
earni n g-aid---performan t e

_ and e-user1 e=maahine-aidysix tentatige
irhensions--

escriptio

-n ividual-i-Servited
,corthrturrition tween learner and system

-4=-= =

meter uses are
eValciptent7ork

=
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I App D Domain

Project CLUJ. has considered uses of the computer and information process in

sciences Lo assist with instruction and learning in education and with the

development f learning materdals . and related information resources.

The broad context of discussion should -be (eutoinatic) information processing
--,- ,

aystems in educatioN some of the: more specific references are computer-
- ..-

'assisted instruction,.
computer-assisted in§ truction _management, Information

-%

storage__ and retrieval, computev-generated-__Instructional_"matrials,
and

'---

,

i

discipline- -relevant -aids to skills practice and_scholarly-woek by learners.

Administrative uses of the computer .for record keeping, scheduling, resource

allocation, 'and data processing were nbt included in, survey and rev iew

: =-a
_-
c t_: v- i-_tl_ -e-_ sn d,,a- re-

-;*24--aert_

i,_ one.-_&,:_-on ,incidehtell-y. -Al- t- h o, u-- g- h-' -- t-_:_ -h--f_ e s i .--administrative

Useg-aret=extretely4ortatt -=to re utattrs :critical review- of eits,,-area _was

-- =-,.-- :=-= -- ----====-- --- i-_-- -i-- =---,--:-.-= ,----- -_

not as- nrgen7es tor- nStruetiOne articularly_izlor,the
f

convers- -ationa/-tut-Or -uses.44hith eter-thezeubjeCt--,==_ _ _
=:Sote,:controVersy,



The uses of the computer as an instructional aid have been represented key a
number of acronyms including `CAI, CBI, CMi, _CAI, CAE, and many others. 'Some'

persons associate these- labels' with particular uses of computers, university
. . ...

projects, or computer , manufacturers., As a result any single- <abranym can

"Computer4assisted" or ="computer=aid-ed4instruCtion" (CAI) , used by -IBM
research _staff in =early writing about instructional systems, is now the most,.

.

= commonly used acronym. -Systefif Developthent _Corporation- beganwith the label
ftcompluterbase&instructio_nu (CBI) =Iater adopted by Stanford-

rom_t

nOir-COM

-ar,eisu ges
an mane ethen
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App D- Domain
.

-, .
. . %. .Iviewed as 'en aid to and an extension of the intellectual abilities of the

-_learner rather than as a drillmaster or mentor supplanting his self--4isciplin,e,
i:,_motivation' or ntegrity. Aft is not widely used' as an acronym in'the*area of-- -

instructional use of- comptitersbut the connotation seems to- be-increasingin
favor..

-Recall-se acronyms tend to _becomeriassociated with- one manufacturer, computer
system,_ or research, andi,deVelopnient project,-: they do not-adequately_ label the

entire
_

field. __ For some observers _--the- -CAD 1.4be== Implies author -control_ to the

many=_poisi-bilitie-s _for ist_Ident axtd direction of
the -comp-titer "proposing during instructional=

ear at-inz -refersz--tofa:-narrew definition
re_ stisive

titer- usea=for _instruction,

ize the
ocessit-and 014

as-thetesting
such -as

nstruct -4)

e user-attfisu

_=--

zElt_tytt* confusion

=writers emes7- or- computer

hknd=

is -not
ng _



ether uses of information proLebsing. A number of other potentially interesting

ategories are listed but without elaboration since theysare:not centralTto

this d'i:cmsl,ien- Nevertheless, romputer users give eonstderablo attention

to the educational, implications} of computers_ in adminlstration-(aeconnitn-

scheduling, planning, etc.), research (institutional, sociological, Psychological,

instructionale,c4/, hrulto the relation of instruction ,te various applied.,etc.;,

Uses.- i,c last Alea is espettally important beeause of needs, for pie-service

training in scien-de, technology, management, banking, production.) retailing,
_

Analysis agd-reeemmendation_te

etaa on a-cdorti-

-er--1970
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10 App D Domaint.
ProjeCt CLUE staff have tried to identify several dimensions of,t9e and their

, - -.

relations to each other. The tentatime conceptions.given here-is.not
-:,

-exhau4tive or theoretically comprehensive:,

Program Control; Computer-based lessons-differ inthe'-co#trol the writer has
_

-over ti!Ae-Student's course:of-study. At one extreme the student_ can only- ,

_1- _ -7,-- -__

follow 1
A
the program; typicallyAle finds himself more restricted working at a

I

computer_ terminal than he--would he-with a- textbook,--or s-et-of -drill exercises.
-7'---- -_ .-

That is,-the lwriter_of a tutorial- exerciSe 'has.-not proVided mcethe_puter
,

instructions -whiChwould -permit-the student to,look back, rev w or skip ahead
-,, -_-.

-as _hedoes-Witkprinted- materials.-_

Control la_desirahle.in soMe_tituationi=

_zcompiiter -tia=redute-i-na

aracterizedb7-albtos



.
. ,

/
presunts simple linear programS exercisesxercises without paying any-

1

Iattention to the student's probleM solutions or to his response to questions.
At this "z r© level" there is no interpretation or prescriptive feedback _=

determinediby the author's proedure to be displayetl to the student or saved

for the future use by the prpgrat procedure ftself.

d

In typical tutorial uses the computer program processes student responses

and tres to act upon thiti- during the instruction sequence., by selecting. for
.--

the student appropriate remedial or new-mater Such a_ program_ could also

- give -interpretation of response Measures _directly to= the- stiidentif evg,:=
telling him why he _needs More _.prictice viith-ior WithouX allowing hits conhim _

over future action..-__



12 App D, Domain

prescription b passes along to, each student only as much. as _prOmotes

learning and favorable attitude, and avoids the distractions. of too much

information or irrelevant items.

Variety....),f functions available to users. The scope of Dpportunitie for- a
4

user (whether student or author) in ,an instructional system varies from the
L /_ --.

limited possibilities of acompletely pre-programmed exercise to _

the full capabilities _of a richlyregnipped and general-purpose-system. The
... i_ -

systems dedicated to "drill =and practice"- are examples of a limite variety
.

_functions available to the user: authors as le pairs of items foil-
_.

- .presentatiOnraccording to. _a_ preset ia,trate
_1 __-_- --__-__ ---

time_t then show- its _corresprinding-ansWeri_ -rid-studenta-Wo on the exercises-,, ___-- _.--_

:in sequence_ and fiii-,thA :interactive's, ities- o
.

sequence eksystem.--- retzhaps el tk..
i =- , __

dardize&I authors= ei allowed to -criteriat-----crite

1 cOmputer-iresp_onsep worn
-,-_-

_andand

stUdenta-- -dhebae_iamo

"show- the _questiOn-iteavfOr a

uesE-ava
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App D Df,-Imatn

nt ruction.. As a dimension underlying compu

refers to a computer operation in which particular a
-

.conxinuing eNchange becweenrwser and program. Typi

use, -'intraction"

is given to the

e user types

some instructions, the computer types back partial /esults, the user modifi

hid original statement or continues with new infitruction, and the computer

responds aga etc. 'Interaction" refers not only -to the speed or rate of
_

exchange between user and machine,hUt alsO to -the extent of dependency of

--
"Interactive" has been, used as a label-for certdim types of programmin

-
languages = a problem-oriented:sytedhich have:special features to

-facilitate.konyerSation":between etkand- machine._ the lesson (or em
,--

designet_knows_the student_- be there to answer gnestions
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I App D

student does see the omputer as a servant-__.-thdng his bidding, and a .study
=

aid_ doing what he as1 s, he_may- give the results of prodessing more attention

and thereby better u e the device to further- his _learning objectives.

The teacher, on the other hand, may see th-e-computer---system as a proctor

required exercises an& a validator of performance in testing situations. Of

Course,. the individual students still must-be-proctored by some teacher or

student aide if' sys em is to prot-Pct-against one student sitting, in for
uturs...r

another, or usin inappropriate aids Jf -whatever-- kind .(bookfil, notes, another

computer, etc.- S-ontedazy machines-lrayautOmatically check, fingerprints- or
II voieeprints :114 and various -written

_ _

and --pr aids 411 be- assumed
.

available as p rt of the performance task.

--Human attitud

determine as perhaps_ -the-degree of _prograzi.Lcontrol-o_ -ascunt

and prescrip ion. The -role; of the :aniputer--s-wilt- be ---Vfew

different -p= repectiVp-T-as-there_-arvppople-u4ihg-it,-andzi
the compute

s toward tne- machine canziotlii74_:p edictable or as- easy to
v
--of :diagnosis

an-es- many

=user -'s view of
will-interact in,ivarying degteis-with other -dimensions.

diarens

programme

-n- atural,

learned.-
capable

dialogue
-and, _subs_

the:stud

f -the--CoMmunication-between=_-

of natural- to---lonatural== =_preentle angua

em. At one end of

re= pomputer is

-sn_that the = student may -respond hternis -conventions

him, and little-if-an thing-abou em_ operation need be

use it. For language- r 0-topics. the.co -program . 1st be

performing corTqicated textual analysis in order to ecsiduct\ a
th the student.. The computer's lity to-process natural language,

quently to diagnose and prescribe on the_basis of stmialnts made by
t without-. any a nany ire -realm of

intellig lice" and presently is very much in a
=
theoretical and-experimental

stage of developinent. =4

Project CLUE
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Co
,

-...._

At the other extreme the user must learn. how to give messages to the system,
,,

to/ reCogniie what has been interpreted successfully, and whento ca on
..,

fiuman-aid it the system does not respond understandably. Learning computer

conventions is no hardship for tdpics.of study in which the conventions of
a _

\ .

\computer use are consistent with the objectives of instruction. Formality -of

Communication:is desirable in the sciences And engineering where the computer

15

J

and its progmming,ponventio;is provide appropriate"constrAknts on

theorizing and model.buildipg.

Summary of Trends

These six dimensions can be viewed as-defining.-4'space or domain oft-computer

use, and the modes usuallyl"Mentioned as siipIelcategories tutorial,

dialoglie,potraticSiMuiationulearner.7direCted-,_ete.) aremore appropriately

described as-filling 'sOmepart Of---thisAbmain. This conceptualization has

-been- used -by ProjecteLUE-in a tentative way toielitabiiih among users a
.

,broader perspective,dn-computer-use and td open -up new-possibilities-for

computer-service=to-learners._:

A maior-trend_in_design.df_ddtputer-=hased,exertises is a shift=_-- program

td,-1-ea.;,a;_dontrai. =The -4s-igner-Of:I.he;,:extrtis-e7is putting less energy into

a careful -- diagnosis = and= _prescript=ion accomplished -by-some =automated

_

instructidnal_strategyand more effort_itto providng-infortatiOn from which

the = student Cad=derive'hi6 owl. diagnoaissand_into making available alternatiV

interpretations-and guidance from-which the student can assemble his specific
a

-prescriptions. 41'

e.t

-Mott systemsand_ lesson-designers-are -providing anAhcreasing variety of
4

funCtions'for-theiuser-of the learning tystem. 'More attention is being

given,--toinceradtioni--nOti_simply_ lidw-cfuickly a-reply-can bemadeto-sone--

AuestiOnr-but-the-actualresponsiVeneas-_ofthe-_system to the particular
>

L

iDraft August 1970

e

a
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input. This means chat machine responses are increasingly dependent upon the

commands and questions and answers typed by the student, and,-the lessons

are designed in a waythat the-student is more likely to respond to information

-.I-

A very important trend
coricernsthe_role ofthe'-, machine from the_perspecti,ye .

of the
individUalusing-it2 The-teacher is%new more _likely to see computer-

-
.

managed instruction as an aid4to-human management.thah as i replaCeient for it.

Probably much more important, learners find the machine more suitableues an

aid to learning -than as a-drill master.
,

Naturalness of communication between learner and system is-botteglimpove&!

day_by djry. Computer-!based learning exercises are-achieVinwincriessed relevance

fortheaublect being-studied,. and-theinotieddiatdri=atideouvehtiona-that-have
_

_to -be,learned to use=the--systeuLtend:to
bei-essentialto=thestisdr-of the

topics (apart froitherequirements_of the-icomputeriastit.tediui-Of OresentAion).



-GLOSSARY FOR COMPUTER"USES IN EDUCATION

This-glossary ds foethe novice reader. Jargon has been avoided to the

4exterit possible, Some definitions may be technically incompleEe but

hopeftrlly none are erroneous or misleading.

Terms are defined from an educational orientation- the same words are

used throughout the information sciences, occasionally With otlr

connotations.- IlOstof the.definitionsinclUde a sentence usinc, the 1

worder phrase to clarify the meaning. -These sentences sometimes express

opinion rathe than= fact. --

.,*
1

Longer glossaries with complete technical defi Aions are available? Two

rat-her official onet are-listed'below. -Altho gh not concerned,exclusively

.with-educatioral uses of computers, theyprovide standard definitionsiof

may terms- used in computing and infoiiiation processing.

ps'A§L:aridarmation_Processin. New York':

American Standards AssociatiOn Institute, *1966.

Automatic Data Ttocessi =Glossary, Buieau of,the Budget.

Washinvtor 1 D. ,C.: Gove nment Printing Office, 1964: PREX2.21:AU812..

-ShOrterlIossaries-i-often with simplified definitiOns, are availAble from

most coMputerlmlnufacturers: and-Some-professional societies.

-Address-comments-to -Karl L. Zinn, Director
Project CLUE
109 East.liadison
Ann Arbor, *NUOligan 48104



f, . I App E Glossary

access time Time required for the central processor .of a computer to obtain
information from a storage device (reed-time), or to put information away in

storage (write-time). An educational computer system serving many users
simultaneously needs a storage device with short access time from which to

recall frequently used information.

acoustic coupler A device used to connect a user 'terminal -to an ordinary
telephone for the purpcise of transferring information over telephone line /

via an audible signal to the computer. A "data set" (modem) is wired

directly between telephone and terminal device; instead of coupled by sound

with a microphone and speaker; it- is not affected by room noise but is more
expensae than most acoustic couplers.

AHI (AugMentation of Human Intellect) -Computer techniques for retrieving,
re-arranging and manipulating information, usually text, sometimes diagrams,

or 'anything that helps one eyegTge sin intellectual activity; computer extension
of human abilities to accomplish instructional research; compositions or
other creative 'work. AEI the name of a research and development program

at Stanford ResearCh Institute.

algorithm unambiguOua,-_ atep=bk-_step terminating procedure for solving
a _problem -Thery-pioperlyc_appIile_d4,an-_-algorithm always produces a solution
to =the= problem., ntrast =With- "heuristic: ")_-(-Co-

== =analog scottip analog)__ A:deVider.which_useavoltages,_ forcea, fluid

troiume r--other-- continuously =variable --physical: quantities to repri.bent.
is,conveitient_ Tor solving differential equations,

--,=-_,simultan Otis= _equations and_ _eqUilibriut -Trobiems. -(Contract with "digital
computer'!) _

= _ASCII (American7-Etandard_--Gode:__for- Infortaiatign_ Interchange,: often pronounced

eatkee) i.Eatabliahed_hy-s=thcImerican-_-Standards Association as the standard
=

for -repreaentation7=c4----numbers_ -In_7computing--machinery-and,Communidations.
X 11 User terminals, today= should use ASCII -cOde.

author-controlled ,tutdrie _Mode (See "tutorial -mode. -)

bandwidth Tne_differ enta,-= 6-4r-eased- in_-_Cycles second , _bettween the highest

and loWest frequenclea =of= a_ :band-!_=oripart,of==a channel;--_0. -determinant of

amount==and; quality =-of infornation Which _dart-be passed per second. __Bandwidth

is)-measured -icydled -or bits- per second= or -kiibcycles per second (KC)

or megacycles _sper-_-econn= C= ,_-__Treferred--_-notation-=sin--infortation science is
i=-Hertz-- (KHz=ansliKHZ)__ =71-6W andWidth --telephone not carry information
feat -enough-I-for -_rapid-TdiapIay:C complicated-gra-phi:es -at a remote site

em _e
Project CLUE-
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I _App E Glossary

batch processing A term applied to one method of collecting and processing

several jobs on .a single computer. Separate and self:-contained jObs_ are

collected in "batches," then processed to completion,: usually in the orde..x

submitted. Most computing systems accomplish more processing per hotir when the

jabs are submitted in, batches.. (Contrast with "multiprocesSing" and see

"time-sharing.")
A

baud , Bits per second; a measure of transmission rate. A 110 baud channel

typically carries 10 characters per second. or about 60 words per minute.

binary device Any physical device-having- two states: on-off, yes-no,

true-false.. Most- cimputers are made up of many elementary binary devices.

(See "core.")

bit (contraction of "binary-- digit")rtA Unit", ofg-in rmation content; the

smallest element-Of binary compUter memos or' logic" .; (See "core," "binary

'devide' andanubyte=.-_")

-ibranChinl_ Al tering__Abe-_
witirin_--a _set -of instructions a

computer _program tiy=TsWitChin-g--_Wlien--
SOme4redesignated_.

event occurs. -Branching

_ provideS4_thante-in-initrtiCtion
-I-

procedure --aLS-Ja- result- of an individual

-1 -f-
learaer s_-p-erforniariceTi'7,=

-

_buffer _=k sto_rage=rdalt
tolcompensate-r

differena in___rate of flow

events, when
t1ansmit=ting deik from -one- .

device_f_to-_another.
The slow typing by a ASar--may be

the buffer

Vice-Tan ett-Senti__(on--T-Coirmiand)
-at- -a- much. faster rata to the

central computer -for ---proces- s
_ z

usually_-7t6--efght)- representing a character; for

te_-i-s-the-ismalleS_t_eddressable--unit-
of-memory.

iCAmEpl
mpitt-e-ti=4S-Sit ted---education--_Ordolap_uter,!angmented

education) CAS_

_

l_brpader -range Of-- coitputer-_--Uses

-CAI-_
-
-_:,=(C-o u t r T -s

i s e- d -i n st ruc on,--c omp_ ut e 7ai-ded inatruction or _

= computer,
atgnented=Inatrudt- io efined--narrowt,_At-refera

to tutorial

= ,.-eX_ef_c_ise_s-_:-ari-Eic-omptiterU
-to- tammet-JustrUttion -defined- broadly, it

___ . _

e-
ncompasses -the en _-=dotpUter_-u-Se-S--lfor--instruttion

in which_ there is

_.,. _______ __,___,_

nteractrion2 --e-twe-err-s_ brit__and4:_nfichine--(6-.-g-._-,-!--dri-11,---tiltoria?..,
simulation,

__. 4p_ro Ienr-SOlving_,_and. Scholarly aida)!. (COntrast- with- "CMIi" see_ alsO
_ -- _

_---f _f-_- _ ::__ -r_- - -- - _ __ _

-=-red=dinni_en=datlioris
an(r-AppendixrTh-on---r-diScuSsion

of rdoMain in Project--CLUE.)

----

--- --- -- ---- -- _----- ---1- ---

.

---_CAIM--_:-(COmputer4_aSsiSted=_-_inatru-c-tion_matiageinent)-

Same as "CMI" with emphasis

__
.

;---aSsi-atanCe----tO_-
*an, Ai* I*g-,:t-Ticir__- instruction--xather:than_ clirect- management

Ute-

December 1970
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CAL (Computer-assisted learning) Similar to CAI and CAE but with connotation
of greater attentiorr to or service for -individual learners. Also the name of'

an, on-line computation language developed at the University of C:alifornia at
Berkeley and a coursewriting language developed at the University of _California

at Irvine.

CBI- (Computer-based instruction) Similar to CAI and CAL but this acronym is
used less frequently.

CBL (Computer-based learning) Connotation of-greater attention to or service
-for IndiVidual learhersl- less frequently used than "CBI."

_

- channel A path for_-electrical transmission between two or more points. Also

called-a-circuit, -line-, link or _path. 7

-charactej______A-digit-,- letter .or other--_symbol, usually requiring six to eight
bits for_tegresentation in digital computers_

Omputertmartaged-icretion nmputer-=aids:_=for'--whichrthelmain
_ arming- -i-ns_triictional___seqUences.

--_-Thel-factirdIzAnstrUCtional====activi
es_stiggested-throtigh CMI may or may _not

tiVOlve=,the--=cdthp-ht- co-ntre
-

or---tranSlet =On:Of -instrtiettoriS expressed in a-
FOsI 4_,-,7ALGGL)---=int-o a :machink- language

operations -such as_add,_-compare-i store
arts ---'a:ter'! 'end--"Interpreter.")

ormaton_-;tetrev_ ext-processing as
en-Se Eirtede=---o -__S-thdentit-Se--Provides

ace ur_es__:- endiing7knot4ledgei

le-__-=r-nnecting with the computer
om-=commercial --s-era_tes-charge-only

Central processor
orittes -h- ±`!exedution,_ -time "-

__.

ours e ether- loo_s_e hin___-i.4,1_-_i-pro ects_=_to mean -any instructional.
-- ti-= ---- -

e uerice,To 4Computer-!base -learning= -exerclee-_ -}farty--CAT ...SySteths have only a
etiOnstratierf,:corSes__operating- -successfully.-- = --,-.= ___

ect CLUE



CPU (Central Proces ing Unit) The

tFie control and arithmetic units

on of a computer including

,

CRT (Cathode Ray Tube) A televisi -like device for- electronic display of

drawings and text. The- CRT-is a_ popular device. to include_ in a user station

because of speed and _(sometimes) drawing capability. _ Other devices can, serve

the same function. (See also "plasma panel.").

cursor A point or of light displayed on the cathode ray -tube and under

the control of either the- user or, the computer to. indicate the point at which

the next display or-editing gperatioa is to occur. The cursor is ohe means

of providing= the user with a capability to point (See also "light pen" and

"RAND tablet.")

--d a ta Cell- -A device which:Stores_ and _retrieVeS__blockSThf information on strips

of- :Magnetic -tape b y _-automati-catly 'transporting
:these strips from-- a storage cell

to ta -reader jarkLhat.k.= -;_A data-tell-operates more- -slowly-_,than_ -disk storage,- but
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dial -up service Ordinary access via telephone other telephone instruments
and the 'computer that may be connected to them. Dial-up service is paid
for by recorded minutes of use.- (Contrast with "tie line.")̀

.

digital computer A device whichuses digits to express numbers and special
symbols in calculations and other,information processing. A digital computer
is the most common type of-=automatic data-processor. (Contrast with
"analog computer.")

diskp_ack (also_ disc) Al stack of disk-like plates coated with magnetic material

for the stora of- information; bits lean be stored_ Upon and__ read, from the

rsurfaCe whi he -pack-reVolves At high-Speeds, s-xfiewhat -Dice a stack of

phoilograph --re ords combined" with -the:record-play-back capability of ,-a tape
recorder:.1 (S also "drum" and "data cell.") __ .

display= and._CompoSition---modei= Computer use in whieb a composition is__,constructed,,

perhaps_i-a-zraphiCidisPlay=,! _art ior-__1'engine-eringor__ text fox a newspaper_g- _-- =_-=

- - st,orY-!-CitheT.:11k-e.-7---Ari-4a-_writing = nurs=e -.::mods,_-of display and, composition,
_ __,===------_--= ---==.--- --- --..,_-_-,-- _____ . ___ _4 _-- -,-

ty0.Call.y"__--da---eXpenSiVe=an ds-._=heaV n spedialayr;Wr_Itteri procedures for
__---=_ __-_ _

; i convenience__ i&=-diall is_ are proces-s n- language-- text .
__

--s--docunientationi= jiescriptionsz o ced Ur -cr computeriprigram both_ the internal
process

nternal
Troce e=marierryd u courete_an&-spprOpriate_prograa doeumentation

en e ram---.14- -lbe--used- v-_othttts. _-_--

-_n t available .or operation usually
wn-time of-one hour per. day,
not serious:

receives straightforward exercises;
w-correct answers. The drill mode

--reipresented = according to some
r ; pref.*r.ta tion, or possibly

racti-ce-=mode."

material_fer___the-storage of
thir,-surface -while_ it revolves

oar-_ar-=d-rum Tto CP entral
&it a7_,S tr Sfer from disc

Project_ CLUE
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duplex In communications, refers to independent
transMission in both directions ;(sonietimes referred to as 'mull duplex").
In duplex weration the use isi able. to send new instructigns to the computer
at the same time his terminal device is printing the results from the laStt.request. (Contrast with "balfrduplex.") \ _

. =,,. . z___ 6 _-_./. _ \

execration time Time duri g wiicli the computer is actively processing a user's
job; _roughly equivalent to nck'nnect-timen-for strictly batch processing, but not
for-multiprocessing- MO th4,1- computer/is executing more than_ job at -a.
time). g.xes.....On time is a haj'bey determinant of charges' -on some time-sharing
services. A

--

1 ...L 4

_, --
exposition See_ "tutaael_ mode."

_
11 -

- i i
='!:i 1 '

=-- facsimile (F_VO TransmisSion of pictureszi, maps, diagrams, etc., by electronic
Pi-means The image i& scanned, transmitted by telephone or radio, reconstructed

,,__ at the receiving -stationli-eitelIduplidated =on- =some form of paper.-
/--_

_._

ee-dba- n_ piregramme_d_iinstruction,s__feedb_ack i& information _ supplied to the -=--- = _r----=-- -- =-- correctness,sent regard ln g the_ appropriateness_or of_ his' last statement or
-___resconse_.--__Fee-db_ack--:_us ell_y-=:-_IS_= designed_ to confirm _a correct answer_ or to

ItprOVe_'_ati-letion -on __ -- --* 7 -r -_ -I _
_ --- .

n icator_o f ome itio-n_recognized_ by a_ coMputer _procedure;
sometimet4recordetloily7bysettingzene i 1t or-= --"s_witch an computer memdry.._

PrintedJout-ifor"-the fuser _-__inannec_tion with _the step at
which:theiscOndito an,AMBIG _Pri.nted after-a program
Statement which was found by -the computer processor ambiguous.

A_sctematie or block representation of programming
_--, .
trate- or_b anching procedure often can be

ramet_ e sm -estunit--of programme truction. A CAI frame usually
consists ofin ormat on_andior=a que&tioni, an opportunity for an answer, and
son _ rovis the answer.

generative_ techniques_ Standiirdzpatterns, procedures_ or algorithm& applied to
a- irric-usliit_files far the__=gener-atfon or assembly of sequen es of instructional__ _ __ __

"inaterial-Sl. _. _irierietative-techltii4ues_p_roviae one alternative o programming
'tutorialmaterials raMe-= y frame_ an _iord!,by-werd.=

to an. alternate one-way-at-a-time,
erred to as "single"). (contrast

December 1970



=

c

8-- I -App E Glossary 7-

I

rhard4are The equipMent components of a computer system; the machinery as
opposed to the.programs which are run one he machinery. (See--"s"oftware.")

=

heuristic An intuitive uide to finding a solution to a problem; a problem -

solving strategy. (Con rest with "argorit ")
. 6

individualized_ instruction Adaptation of instructional methods and
materials- to a learner's individual characteristics and background,

information storage, offtenization,and retriever mode (ISOR) Use of the
computer to store, retrieve, and assist in the reorganization of information
about,a subject. TSOR'(or ISR or IR) is an. establiShed area within computer

;science.
,

instructional programming language A computer language or notation
particularly suited to the dettription of instructional procedures for
computer 'delivery = (See prograinming. ") =

- = ==instructional= use-of computers -Uses of- the computer _and information
processing sciences = to4ssist- with-instruction and learning in edUcation,
and with the evelopment_ of learning matert s and related i_ nformation
resourdes.

_,._interavernthade:,,Computer_usei_in_whidh,,particular attention _is_ given_ to the
_ ___

between-liser--_and-prograik-kor-systeth)_. -Typic--al-l-y- the-user
instruction,

,
types;,-Art--,the--computertypes___back__(o_r_ ctherwise provides) ,partial
-reSOlta---the-_OSerrimOdifiesr 'ht original` statement Or continues -with new. ___ --_

instrOctions,-Jand,,Ithe;-Computer=-7--respon-ds__again. An interactive _drill program------- ------ =,---- -- -----
.

_- -,- _-
theeksthe-__time,-an-d_acCtitacy-n-ofenerS-___and_responda immediately' to the user ,=

./.- --- ------ ---An-intrac ve=i- tobletfi-so= 4-
-fl-----1-,-. _-- - a=tetteap-=solving attempts by the

--- -ow =m Cation-L e-prodedure;at_the_motent. _ (For non-
--------- --= - -fetepat

ample,____ the_ houndery _between two sui.aystenua
provide the _interface between a

l_is considered= the interface between the

--- . -k

-interpret - ro _,user,lan Triage_ translation (e.g BASIC to machine
lengu-4: inter rept __-is_=rfaugh -y_-__equivelent tof a _:"-compiler ,"_ except that

_---e-ach-riStatentent:- s_exe_puted _right-_after translation, providing__ the user with a
tapid==reSponst o-sma -V_ steps and a

i
dynamic_ working environment. (See--

_:_-,__-r_asl ,-,

-,-Project -CLUE
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interrupt A hardware feature _which allows the signalling of asynchronous,
possibly -unplanned, events within a computer. Usually the computer is able to
stop its current task, process the interrupt task, and return to the original, .

taskrwithout loss of results. -Ijr&rrupts are used by asynchronous deyices to

indicate their current status anS by CPU's to indicate the occurence of error

conditions. The interrupt is a hardware feature; the proCessing of therrupts is
w---- ,,

performed by programs known as interrup-t- routines". _ '-

it . , ,---

-<_

INWATS Similar -to %ATS -butJ-:, all
,

ows inward a.,I, ls at a flat monthly rate.; INWATS
_.provides a_kind of automatic, collect statiox;'call., ..*

110 Inputroutput of information _to and from computen.;. _ I/O:usually refers

to devices such as an eleet- ric -typewriter, card--reader and punch, paper\tape
- reader_ and punch, printer, etc:

IPI -(Individually_PrescribeirAristiUetimi)_ An_ approach to curricuInia which
originated_= with --an- instructionalfPrAect at -the, UniVersity of Pittsburgh's

=_Learnin0Zes_earch___and=DeVelopmentt,Center nOWused"-videly as a label for a
;strata f-7indiViduaiizing_7the-s-selectionio _exercises and the rate of work

r_
-or-eat student

--,-Aob---,Anindepen-dent-;:_f_set=r,of4ristruttiOnS-==and,_dataSUbrnitted; to a; computer for
processin-g;_-the---computing,done,betWeenentry_ohto_the,compute and exit from it

----*o position_ to a computer,-
ca-Ad-eTrayTtubsYT.It-imay-look,--

__
41--.=a; ane-contro- Unc- Way. (See also

-t;;! _:mouse_1--RAND

words- of computer memory.
since it-iS usually
bwer of two.

-exercise _can rovide the user with
computer_to serve him as a too/ in

ince Ures-usefti r -solving a problem_
ni'user-initiat ve.

- ,

Distanc-ez- erograp name .=-use the Xerox Corporation to, -----_,
sp,high-Sp_e-eidllacsiMi; ez,sy-steni-.7The__y_t_ein uses Xerox terlinal

-=---___-, ---- ---- - = , ---- ----_ _,-
----and---arw -andi'd-ataa-OMMuni-Cati-an-7--Channet. (See= faesimile.")

_-- -- - _ ____,_ _ ,
--w=-.,f___ = -- - -_ --- --

e-from:_ath-e_ display of an instructional
e_Stu-dszitl-s respOnee. Latency is

__especially- in research studies.

` December 1910
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1 A _ photo-sensitive device used for ,communication with a computer

via thode ray tubes an electioliic pointer. The lighe7pen is admired

great17.by some users, but other means of pointing and drawing electronically1 ..

often are more practical. (S:le also "RAND Tablet,"- "joy- stick," and mouse.") ._

. :
1

v

linear yrogr' awing a) Nathethatical: techniques for /optimizing a linear

function of several variables subject to linear ineqUality constraints--on some
, -

or= all-of' the variables; b) Instructional: the simplest form of programmed

_instruction o-?-CA1;.- all students follow the same sequence.

lane switching The,switching tedhnique of temporarily connecting two lines

so that the stations directly exchange information. Ordinary telephone

connections through dial-up service are achieved by

netic-Wevesin-_-the -radio/ frequency :spectrum above

= Mjcrowave tati-litiesTprevide an =e-conoinic means of
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mouse A device. for determining the locaion of a cursor on a display screen (CRT
..Amouse -like box is moved about an-a horizontal stirfade under the User's hand,
causing a cursor '(R:iiinter) to move up in a torrespOnding way on the screen.
(See also "joy stick," "RAM) Tablet," and "light-pen.").

multiplexing Using a sk'ngle tran.smission facility divided into two or more
subchan.nels. A school may rent a single phone -line to the site orf a remote

-- computer and _serve 16 'user terminals -sithulteleoUsly by'multiplexing.

multiprocessing. --A method -Of_ _opera tion in which- 'components of a: computer
facilitY=are.thatedby several users _for different, Purpoges at '(apparently)_

samte- time-._ Although_ each device actually__seiviices one user
the high speed -tind_;muItiple_comporients :Of_ the facillitY give- the outward-
appearance of handling_Many users--._simultineously.--_-jMultUrdeessing__tends to
maximize -- he use- of hardware'.'_(Contras-t with "bath procestine,arid see

. _

=natural- language - processing. -mode` to progr- m _the coMp,ut-er_s_o_ that the
student user--term'S and__Convention natural for hira7Iand little_

__i_f_anything.-,abbutAthe=tystems,..operatitin-:need_::be_iea =e_d t_-_-,::_tficuse_ The_ability_
tcy;process--natural_langua _,-subs-equently__;to agnoseran _prescribe-en-the -
basis--_-of--statem-entsrmader, studetit,witho_ut_:any_ic-ons:trgintrs,, approaches =the

--realm-of "artificial int -experituentat'-

-=-_
off7line-,-_-_;;Processesp-er-forine =r -a, rom er-ation rif--the -dent processor

71-:of a system'-e -e carcl_s = batch fob being read onto an
in ut tap or can na = processor_ -___ {Contrast==wiffi --on- ine.

electric_ typeOrite
itt

_cutiefireet or supervise
to_ther ptograts._

=

r



The physical facilit, f.)1. connetting_a_phone line coming in from a user
nal to the comprer.

a tics mode Computer use in which thelearner is given prbblem and a
for solving them, or is'otherwise aided during successive exercises.

a particular skill or technique. The prartice mode ofscomputeruse Is of
broader scope than simple 'drill..

oblem solving mode The leginer knows a language or notation that peiWts1
m to enter into the computing system data and the steps by which the computer
ht work-out a solution-.

r-

programmed instruction A strategy for the development-and validation of
instructional materials which uses a step-by-step method (or frame-by-frame
spetificg,tion) for presentation of 'the subj'ect matter. This'strategy has been
-applied to the development of materials_ in various._media including textbooks
and computer-controlled audio-visuaf maCeria-__

Programming- a) Instructional: the constructph-and_arrangement of elements
of a learning exercise and perhaps self'testing in a way specifically designed
to promote_effectiveand efficient, learning; b)"Computer: the construction
and arrangement of elements of &procedUre specifically designed to achieve
a problem solution ar to_ demonstrate a process._ (See_also "algorithm" and
"flo

iagram.")

RAND Tabl metal writing surface developed by RAND Corporation for input
o _raphie infbrma-tion to a computer"_ through use of a sp'cial writing stylus.
(See also boy stick," "lightpen" and 1!mciuse.,")_,_

random access Refers to a facility whareby informat.on can-be returned from
any part of a storage device rapidly at any time. Diskpacks and drums are
.random access dev.,,ces. (See "sequential access.")

.

real-time_ PerformariCioflprocessing during the actual time- the physical process

tratspires, in order_ that results of-the Comput ioncan be used to guide the
physicalprocess. For example, real-time cam g is_required to determine

_____th'e_correction etor from telemetered data before _a rocket is too far off
._COUrse-to_be_recovered,

remoteaccess Use of a_computer froma Station some distance from the central
site of equipment. Remote_ computing iJ_usually_ accomplished through
connection of a telephone line or other electronic transmission medium.
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response time. (system response) The amount of tim which el4ses between

generation of an inquiry at a user terminal and.rec ipt of a response from the

computer at that same terminal. Slow response time or educational users of a

computer system often leads to frustration with the nst-uctipnal exercise and

to dissatisfaction with 'computer aids. (See also "1 tency.")

mg .(Request Price Quotation) Special equipment features which might be

obtained by a purchaser )11 request but are not included by the vendor in his

price lists. The RPQ designation permits, a supplier to mention equipment

additions and modifications (which might be useful in educational settings)

without having to work outi a detailed pricing pblicy before the demand is

known,

4

scholarly .aids mode Computer use in which the processor, procedures and data

files are put at.the disposal of the student as a scholar fh the discipline,

Scholarly aids might include information storage and retrieval, text processing

and analysis, model construction and tating, and specification of complex

displays..

sequential access (linear access) Refers,to a-facilitywith which the s torage

andfor-retrieval of desired information-may require some time to skip past

large quantities of irrelevant information. Card readers and tape readers are

sequential access devices.' (See "random access.")

sign-on and sign-off (also lbg-on and_log7off) _The action of registering with

a supervisory system (which,may include billing _procedUres and records) for

use of computing-facilities/ -and a latter action of terminating the period of
_

use.- In a:typicalsigh-on-operation,-th-kuser types fog' the-computer

identifying information-and-perhaps- apassword which indicates permission ,po

use -the_camputingfscilities and-information files associated with that user

identification.- -"

-A-conversition between student and program in
which thereSults=j1e:Obtains follow_d model of a real ,or idealized situation.

Simulationa-stteMpt to-medel:someaSpectsrof the real-world for study and

research. Computer-basedAomeSnsually-place the student in less realistic

Situations, provide specific-Payoffs, andintroduce_caMpetition with other

students.-- r

skills practice mode-See "pradtice_mode ."-

software a) Computer: programs as contrasted with computer components.

(See "hardware.") b) Instruction: curriculum materials as contrasted with

computer facilities or people. Many. people working on innovative computer

uses sea the-essential problems.to be ,less_ concerned with hardware (size of

computer memory-, sieed of-processing, and capabilities of user terminal) than

with soft -sre (Computer pr grams and curriculum materials): k

December 1970
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station Onekof the input or output points in an information processing and

communications system. A user station typically includes a keyboard for input

to the system and a typing tlement for output.

storage_ The opacity of an information processing system to save information

for future use; also usedto refer to a system's storage devices. (See "core"

and "disk.")

storage protect A,hardware feature which prohibits one user ih a shared

system from inadvertantlY using or changing information stored in memory

allocated to other.users. .

student station Equipment designed for student use in interacting with a

computer. A student station includes.comPonents for input (keybo61B,

lig6t;pen, mouse or RAND Tablet) and output (typewriter, typing mechanisms-,.

image projector, plotter, CRT, or plasma panel). (See also "terminal.")

tape:_(magnelic or paper)-U)ed for storage of information in computer system -_

andon the_shelf. The tape drive, having the physical appearance of an audio

playback unif:7 is a serial access-storage device; it takes some time to pass

over unwontedinformation when-,,searching -f4r the unit of ins_trucZion a

student needs next.

teaching logic A pattern (or strategy for instruction)'into which various

topics or sets of questions and answers may be placed. A number of teaching

logics have been proposed; each "author language" implies another logic.

teleprocessing A form of information handling in which An information

processing system utilizes telegraphic communication facilities. A student

using a computer remotely via telephone lines is using teleprocessing.

TWX (teletypewriter-exchange service) An automatic teleprinter exchange

_-switching serviceprOlAded-by the Bell System. 'In a sense,,TWX (sometimes

pronounced "twix") is a speciartelephonenetworkjust for conversations

between U teletype and a-computer (or other teletypes) .

telpak IL service offred-by communications common carriers for the leasing

of wide band channels_by the month (available 24.hours per day) between two

pr more points. ;For example, "telpack_.A" service provides the equivalent ol

12 regular telephone_lines:in_a :package for-the approximate!.cost of leasing

four-regular lines separately= Yide-=band communications soon will

, available through Switching=-(diakup) networks with charges made by the -5

Minute-of use rather than on a-monthly rental basis:

terminal A point at_ which information consenter or leave a communication

network; the I/O device used at that point. (See also, "student station.")

December 1970 Pro ar-t CLUE
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text analysis mode ,Use -of, procedures
ifor editing and analyzing text by an

author to adapt ledrning ma--,rials,for other users, or by a student to

interpret and criticize work in the discipline preparatory to seminar

discussion by a,group of student

tie - :sine A private-line
commp'nication channel of the type provided by

communications common carriers for linking two or more points together. A

tie line is/paid for by the/month and available-to
the user 24 hours per day,

point -to-- point. (Contras with "dial-up service.")

time - sharing The use cif multiprocessing with,emphapis On the convenience of

the user who is running an interactive job. Although time-sharing applications

imply a rapiCinterection bet*.igen user and computer system, some batch jobs

(tasks prepared-for processing at the convenience of the computer system and

operator, perhapg-Vith others in a batch) can be sUbmitited to a computer with

some convenience through atime-sharing-system.

15

translator' A computer program which accepts statementS.or instructions

writte7. in-ofte-language and ,produces statements in another language or perhaps

direct instructions to the computer for execution. (See "compiler" and

"intefpreter.")

turn-around tiue The approximate time required for completion of a batch job,

from submission of (e.g., card deck) to availability of output (e.g.,

printed resulPsl.

tutorial mode Computer use for presenting exposition-in which_the author
and

me :'wins the conversational initiative throughout by defining objectiveS and

describing the subject matter in considerable detail.

.

miosgrade channel A channel-(e.g., telephone connection) suitable for _.

transmission of speech, generally with a frevency range of about 300 tcY3000

c cles per-jaecond. Digital, or analog data, or facsiMile reproductipri'can also

Is, ansmitted over voice brade lines (channels) if 3000 cps'is/Sufficient

for the sivnal_t-
__ -

,

_

WATS (Wide-Area Telephone Service)_-A-service prow by telephone companies

which.oerMits a customer i.o make =calls to telephon in some distant geographic

zone on a dial basis for aflat monthly charge.

%ord A set of -bits suffirt&ent to express one computer Instruction (usually

12-to 60 bita;ong, depending on other== of the machine)i

Usually the equipment is.wiLed to _ transfer one oi more words of information at

a time.

=Project_ CLUE
-December 1970
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1. Iritroduction.

This -second volume includes some of the working iapers anig jther supporting

materials of Project CLUE. It. is not for a casual reader curious about

computers and their uses in education;he should find that the tutorial.

material and guidelines in Volume 1 are more suitable.'

Sections two through seven of this volume present the statements of position

and points.of view which were used to initiate discuSsion and provide a.

framework for argument about the accomplishmentar_needs-and-t

statements wire not intended .to present new ideas or evaluative summaries;
.

they provide some reminders ofyhatiltas been' said, and serve as a guide

to points of view for one interested in serious study of the field. Each

section was assembled by staff .of Project CI.I from published papers,

unpublished technical reperts and some personal communications. A draft was

sent to each person referenced, and a revision was prepared using all replies

A second draft was distributed to a select_group of readers just -

before the annual meeting of the American Educational Research Association,

February 1970, And discussed at a Special session there.

The readers were -quite critical of the position statements discussed a,t the

AERAz meeting which correspond- to parts 2, -3, 5 and 6 of this volume. The

major-problems wereIaraphrasing out Of context, implying equal value for the

views =of personS oft greatly different experience, and confusing the= reader by

placing togetherAconflicting Niews. Project CLUE staff attempted to correct

the errors but those to leave the Statements-nearly as they were taken from

published literature, providing a." sample of the literature as of February 1970,

with all its faults, confusions and =conflicting views.

-

Educil,tional techno ists and-administrators. reacted more-favorably than the

educational=researthersf-apParently the collection of statements does succeed

in:providing ari interesting sample and pointing out differences of opinion on

important matters .=

December 1970
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II 1 Introduction

4

One of the important contributions of Project CLUE has been to bring rogether

different points of view about instructional use of computers, including the

different perispectives of researchers and practitioners, and to provide some

common framework for discussion. This can be done without causing one point

of view to interfere inappropriately with another, and without permitting

conflicts to restrict communication. In fact, the contrasts brought out by

the position statements and other documents appeared to have enhanced ,the

climate for new thinking and exchange.
A .

The appendices Of the volume provide information about the mechanics of the

study and excerpts 'from working papers. Appendix A ,describes the procedure

followed and lists in some detail the formal dissemination activities.

Appendi lists all projects which were contacted during the study to

obtain and confirm inforthation about current activities.----Notes on actions

might- be taken -by---iprofessional _societies -and Ott....er organizations to

promote effective Compute uses are included in- Appendix C; . the important

role of the professional beiety justifies a separate -study or conference

or speeiaL dissemination -_a tivity. Appendix D includes information about

the working papers. on comp ter system and language design, i.e., the contents

an introduction or excerp current source of the papers themselves has

O

must be_emphasized again hat these statements of points of,view

Chapters 2 =through 7) are not an-evaluative summary of the topics named.

e paraphrase of_`excerpts= from the literature p4%;ovide only =a starting

point for diseussion by samplir\g different views expressed, especially

as they appear to 2.conflict in ettaluation- of the field- and prescription for

new directions- of= research and development.

v.

Project CLUE



2. Management, Operations and Costs: A Statement of_POsitions and

Points of View`.*

MANAGEMENT CONCERNS /

A. Plann,,ing and _Or anizing

3

B. Administration 3

Personnel eeds: Recruitment and Training

1. Shor ge and sources
2. ea ers and the new technology

I OPER4 ING/ THE INSTRUCTIONAL SYSTEM

A. Choosing a Type of System
Capacity-andsize-
Purchase or rental

3. Organizatioii and administration

5

5

6

Equipment and =- Maintenance

PRODUCTION AND OPERATION --COSTS: THE:ECONOMICS OF CAI 8

A. FUnding-iConsiderations_ 8

B. FactOrs- Affecting-the --Determination of _Costa: 9

Adhievingi:Co-st-_4Effectiveness -=_ : 10
=AY--

CAI v a;=-ConVentional= Instruction .12

E. -Cost--(Eastithat 13'-

=For-zhardware--

4`or-:Jsoftware-_preParation-

-_- For student use

SOURCES

-=

15

*_These---stat-ements__haveheen_

to-re reserit_=various_7-_Vointaiof
om pu shed an f. shed literatureA,:,--- _-

ear -operating-- roced-nres and,
altere-- t_o- convey -th.e intent in a

utline,- and to VOint oUt similarities

-r-
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t'd
1.'1ANAGEMEN- CONCERNS

f

A. Platmla and Organization
*.;

Of paramount importance is careful and systematic planning which anticipates

those obstacles one can expe-ct to encounter in any innovative technological

design. [Pagan]

£1?

Apparently many individUalS- planning new curriculum development or _computer_._

applications programs un derestimate the requirements and -benefits of cereal
.

organization and management. Many-..projects fail to complete and put into use

a substantial, set of materialsterials p rimarily because of lack of planning.
.1-

[CLUE Staff ]
-..

C-omputers_ wili-neYer be useful An- the _schoola unless -these _schools are
_

_
drastically reorganized -and -lyn-fUnded abaorbYreform-; __The

discrepancy =between -=-ultimate ,promise-atid__ immediate posSibility becomes apparent

in the_ -Cortipata tive, examination of the_propertlealof Scho6l terns- and the

properties of -other social- systems= _that have -p-rOVed _to be receptive to-_ innovation.

Oettinger_E.-Marks)

:NO one,has__ latedthers-chedUling-problelis-_-enta-iled-by- even the limited

provided- by the= new-- technology-:- The increasing
-,_eVen,an,InitiallyAnlifo- ra group of `Studenta- is_ considerable.

Schools An-__-the,,Shor- t-tirrie _span the_ next decade will be

v-anta --even -of- _the computers_ without

f=major,administrative ir Volution that SeeMs rconclusivelY blocked

Cto rs _ tOettinger -4 Marks

ecember //170
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I

. Use of CAI without provisions f r the a celeration of faster students through

the- school system is .very costly; hence CAI exerts a preiSure favoring more

,o-
rapid advancement of the better stu en7. [Randall & Blaschke]

Administrators rather than technologiS s must lead ,the way in Preparin for

the_ new educational technology, and pre aration must begin_ at the lowest

"management" level that is, in the icrassroom. [-CLUE staff]

C. Personnel= Needs: Recruitment and Training
/

Shortage and sources

One shOuld"-not .a-dquitc, e-quipment that may sit around-_=-UnuSed,_for lack of

-techn -cal personnel-and-other/ assistants_. = -_ However many_ budding projects may

-faced__ ith- -Whatr--to:--do --with -Money
tfacilities withou personnel

==--

and wi thou t- asSUrance =Of --a- -line= itern -in the budget -_fo r either rental or

personnel= in t.he_ +Ilowinuyett,
-'"

[CLUVStaff 1_

reonnel== can = =be remedied_ by efficient
in particular promote a new role for the

ocesses and tools. An important

_co colleges. IC= s

that clasarooliteaChers and _the _publi-c s, cols

ent of effettive;--innOvation

[Pagenl-

= or_

vanishes and is soon

Printe
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- _ _

Hardware and system development presently receive the major portion of

availab funds; instructional applications and training programs are assigned

rower b hdgetar7---priorities, University teacher training programs do not

meet the demands of the new techrrology. (CLUE Staff].l t

II. OPERATING THE INSTRUCTIONAL SYSTEM-_

A. Choosing a Type of System

1. Capacity and-,size

A small college may begin with one computer on campns, but as computing
,

-

use grows and diversifies, a sprit into separate facilities-becomes desirable.-
-At a later 7's tage it.may-be worthwhile to _combine- facilities again into a very

ilarge=systetd.-_ -In -any- -case,--economics_ of -size--depend on use and management,...--
_[Viavant, Vol, II] =_

soy instruction to be= provided at a reasonalbe cost, the ccitaipt system

must. serve more = than one purpose-as well as a large =number of pupils at the

fP±Ince_}

O ,uaersinhaw_= four -nopt rent tiMe_-_on7aomere el se_t a
-

--_-aAii;a1I__ndbmputer for-

er-amall.4groups and

Combination,

arger, __pore flexible
[CLUEii Staff]

lco aputers working as,
U_CLUE -St aff_l

December 1970



2. Purchase or rental.

A primary consideration is the relative efficiency of a university vis-a-vis

commercial enterprise in the provision of computer service. Simple economic

arguments suggest that many universities should put:Chase or lease terminalg,

and allow faculty and student.s to purchase services from outside vendord-,

as their interests, needs and budgets allow. [Sharpe]

The cost of local .operation of an instructional system ich provided only

one language may be:pich less. than similar opetations on -: general-purpose

system- providing- the user greater variety of capabraity. N vertheless, the

potential-author who _,:does not wish to cotimi*himself to- a spe ally- designed

eduCational sYstem, -Orthe--sthool Which-,-wishes-_to-_ gain some-kexp fence without

large inVestments-in-Lsp-acc_:,:
leasing arrangements or- cominittd use time, will

-find the terminals-for use of -iaigenetal_t-purpOse,-,' time-sha ng

;Project CUTE



I 72 Operations .

B. Equipment and Maintenance.
e

It is important to know exactly what is needed and then to request that-the

'manufacturer proVide such a system. it is also important not to ask for things
which the manufacturer is unable 'to provide you; ,this would 6 ce hit either

.

to withdraw frpm the. bidding, or include in his pricing the cost f developing

a product to meet your special needs. in--faddition, one should clearly define
.

when payments fora system are to begin, whether it
1is, being 'purchased\or*

being rented. [Dick) \
Thel'-developMent of innovative saftcsare and of new and more efficient procedures

-..,__ t

using syste timesharibg routines is an essential function of a_!_project's
operations. Records should be- maintained pertaining to data on system -and

technical_ usage time__and -coSts,-:as__-_well _ as___ system and down time f'or botb

_s,che dui ej,ran unsche-duledtm tengn ce_ [BUnderson

.1f wg are continue. the development_ of -on -line, fast-responseiNformation
sy,steMs,,_we_must_look_for ways_ to_provide _service "all the time." As increasing
numbers of _people.: come to_rely_more_and--_more on the use of __the_computer as _g.
routine_matitut,_ we must impose, a._ requirement __that the system perform without

_."serious_!!_interrup_tion,especially___during the hours_between 6a.m. and_midnight. _

the _university__ ond text-,_ the questiontion of reliability_ vs. maintainability is
[Gordon),-
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ILl PRODUCTION ANfl OhR[ON COSTS THE EOOMICS : CAL

g
t

A Funding Consideratiors
-

f Extensive use of computers for instruction in co,lleges and universities eveii

.1
if demonstrated to be more effective than conventional instruction, requires

Iat least one of the following a) instructio'a\\budgets will not esignifieant1y

than with conventioial instruction., or b) ederal ftrndsareaväilable-fgreatr
for genera1 support of increased costs of higher ed\aiion, or c) Federal or

other outside funds are providai specifically for acqLtion or operation of

' intructional systems. [Barrel ;- '
-

:1
-

The nc1ssary research and development catr not be £naneed adequately with '---
-

funds "stolen" from operating budgets . Proponan&-rnust persuade all. those

who are involved--taxpayer, legislators, trustees, a4iâitraors, teachers,
students, paren the worth of what is being attempted for e&iation..

That will riot be .sy, since introduction of computers involves an lncrease

in the totalleost of education before init costs. are reduced to &i acceptalls

level [Gcron1

The jntroduètion 'of coputrs need not -cause a. increase in ins titutiopal

budgets Ieyond that anticipated- for expanding en9llments snd-pesonnel costs

-1
if b federal agenctes-and---faundations provide. f1r a -few large-scale and

igh-qualityesearch
and d-evblopxnent projects whic\ ae.:i?1vant o actual

needs of vrious-tnstttutions '-i)

2) private indutry cguribut(s to aciliUes and systems development, inereaiing

the relevanc for solving eucationl problems;
3) publishe.rs and- othe.r rivate investors support devalopmeiit of a great vaiiet

\ofcurricutuzn materials, selection by well-1nforutd

t
users, -and

f- , 4) pivator federal-sources induce initial demonstrations and cndaing
diffusion. -effort-. perhaps through national. cci=nisions and profeaionaI

sasociAtions. fCar th d Friticel
*

I 1)ecenther 1970
Project CLUE
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Operations

Innovation can ,not be accomplished in three years. Government spo orship of
4

programs must provide for the difficultEransit-ion from the development and
. .

9

demonstration to the operational status in the schodls. [CLU8,staffi

B. Factors,Affectit the Determination of Costs. ----
.1

Prediction of -elative upe of computers in_instruction nvolves suth

diverse variables as: the state of computer-technology; rhe attitudes of

participants in .the education process; developments in instructional science;

increase in costs of "conventional" instruction; changes in educational

programs and curricula; future developments in higher education finance,

and a variety of administrative and organizational Considerations, as well

as. costs per student hour of use. tBarro]

Prediction of specific costs per student hour-of instruction must be based

on forecasts' about developments affecting_= veral aspects of CAI systems:

hardware technology, software
technology,inStructional strategy, and the

kinds-of instructional material found usefui,,--Perhaps-mot important, CAI

costs will be strongly affected b) degreP--..to which Institutions are able

to modify certain'of their orgahizational characteristics, and to develop new

modes of organization, where necessary, in-order to mice economical and

flexible use o computers for instruction. [4rro]
.

'Each'week,-- the average teacher spends about ten -hours doing "homeyiOrk" after

school.' -Since this-time is nowt reclaimable by the school systeM,'Ihe teacher's
.

. . . ,

salaky mast be considered, for all pzActical=purplosesto cover only her rime

spent physically at school.

Costs of preparing recorded or programmed_ instructional material for

pre'sentation_through technology-based
systemseel-Ma be justified by offsetting

savings' of -teacher's time, since the pecific time saved ("homework" after

school)-is a "free" resource contributed by tradition by ,the teacher to the

school system and not reclaimable. Ways of ,refitably-employing ttre'teacher's

_.

free resources within the new educational, technology must be the

benefits obtainable from them are not 6-belost fol-ever.

Project CLUE

(Rb.ndall & Blaschke]
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Future costs'of producing lesson material depend on technological developments

such as improvements in CAI author languages and instructional strategies.

Pt:ogress in the computer software field ought to reduce the cost of prodeing

instructional programs of any given degree of sophistication. However'; this

may be offset if progress in developing instructional strategies results in

more sophisticated, more responsive, and more individualized lesson material.

Therefore, -there are two considerations: 1) How elaborate a computer program

will be required for each type of application? 2) How will future developments

in programming languages and data structures affect the amount of labor

required to produce a program of given-complexity? fBarroj

C. Achieving Cost-Effectiveness

It is grossly inefficient to consider the use.of_a computer in,a limited,

daylight school, day. The economic feasibLity of CAI will obviously increase

as the number of fiouys per -day available for teaching is increased, b9cause

of fixed cost of hardware. Of course the current administrative model of

instruction deriving prom longstanding practices does not.permit the extension

Tof the:_school7day,
7-.

.,The cost per student hou'r of instruction is a convenient but inappropriate

measure of the efficiency of instruction. The basic defect is that student
1

hours of instruction are a measure,_not of the-output from education, but

\the input of student time. When schools aspire to do mOre,than merely

Pbabysitting", this measure of efficiency is misleading.

(Posner]

/ f

Assessment of effectiveness requires the definition of a measure of accomplishment

which avoids reliance cn how long the student spends at a computer terminal.

Studies of cost-effectivene?s could proceed if the experts in some subject

area,would agree on measurement of concepts acquired or skills perfected,

-which would apply throughout_the domain of concern. [Zinn]

December 1970 Project CLUE
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The best justification, for a high cost CAI instruction system is a high

payoff. The most promising opportunities will come where traditional instruction

has performed badly in air important task and where greater effectiveness has

a high economic value.
[Posner]

A project seeking
cost-effective operations must seriously consider providing

student and teacher access to the computer system at different levels of

interaction and corresponding cost, from-those requiring one-second response

from Inc computer to ten
minutes' Or an hour or a day. Perhaps the operating

system should advise each user on how to get the most from his allocated

resources.
[CLUE staff]

On the basis of present anticipated costs, the financial investment required

.,,

to install and operate,_,computer assisted instruction will restrict significant
-N,

use of this instructional Medium. The need to form cooperative arrangements

among school districts is indicated on the basis of cost alone. These

.arrangements, should be determined by the numbers of students to be served

without consideration of li;sent local school district or state boundaries:

.

:
\

[Booz, Allen & Hamilton]

\

CAI will be cost-effective first\in adult education and training for skilled

personnel. Many adults are "turp4d off" by a school environment. Individualized

--m-
,

instruction is appropriate for adult audiences which are far-more heterogeneous

than the 6hildren in most schools. The opportunity to schedule le rning outside

of normal working hours is an improtantadvantage which minimize the disruption

of work.
(Posner]

Project CLUE December 1970
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D. CAI vs. Conventional instruction

II 2 Opbrations

If CAI were to. prove relatiVely ineffective, the degree of investment in it

would have-to be scaled d©.-; on the other hand, if CAI should prove twice

as effective and/or effi....ient as TAI, a cost as much as twice that of TAI

migh,,!:t acceptable. [Kopstein & Seidel)

The assumption of e festiveness of computer aLle traditional technilues

is Lonvenient but nut _tat for economic comparisons. Effectiveness

usually is not equal; differences in effectiveness shOuld be measured and

integrated into thy: analysis when possible.- Cost-effectiveness analysi;

techniques are designed for the situation-in which conclusions must be expressed

ab trade-offs between incremental cost and incremental effectiveness, and

they have the zalutarY effect of forcing measurementof effectiveness in spite

if the hard work and non-trivial costa required.. [Posner)

Cost analyses should not 41t3U114 100% facility usage at- all times; scheduling

flexibility, _student kbsenteeism, or equipment troubles reduce effective

use. For example, one operational project with a 20-station system reports

50 to 60% utilization. Furthermore, usage 12 oonths=per year is not reasonable

for many installations. [CLUE Staff]

It is unlikely that CAL will ever replace traditional instruction, rather it

will be-one of many learning tools. Cost coMparisons should-be made with

other media (e.g., television or books) rather than with indefinite and

encompassing "conventional instruction,"'of which media costs represent one

part. Instead of replacing the traditional, computers will require an adjustment
. 1

in the Organizational arrangements of institutions',imoving
,

teachers and

supervisors of instruction- into new roles and functions.

[CLUE Staff)

December 1970 Project CLUE
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E. Cost Estimates

.00.

1. For hardware,

13

'Communication with the central computer is a major cost of a remote

access system. ,The-development of inexpensive, wide-band ttansmission

facilities would be of great value to all -computerusers: For short ranges,

the investigation and developmeut of inexpensive laser links may provide a

solution_to this problem.
[National Acade.y of Engineering]

In the situation where a large number of students-are located at considerable

distances from the central computer, costs can be lowered drastically by use

of a coaxial line instead of the equivalent capacity-in separate phone lines.

For example, the cost for a 4.5 TV channel is approxiMateiy-$35 per month

per mile, whereas the corresponding rate for 1500 3 KHz telephone lines is

over $4000 per month per mile. [Bitzer]

2, For software preparation

The production of high quality ,,AI materials is very time-consuming and expensive.

The equivalent of a three-semester-hour course.in high school mathematics takes

many months to develop and the cost may run-as high as half a million dollars or

more. Of course, once it is properly developed and perfected, additional copies

can be provided for other users for only a little more than the cost of the raw

materials themselves.
[H,11.zman]

One often hears the figure of $10,000 per hour to Trepare an instructional'

hour of CAI materials._ Even in the most affluent case, it is difficult to

see how this7-is derived. There are economical approaches to the preparation

of CAI materials, as for 180L'hours of seventh grade science materials prepared

to closely parallel the informational structu e and instructional strategy

found in the classroom. The total cost of $3 865.00 yields an approximate

preparation cost of $194 per instructional h r. [Hansen]

Project CLUE
December 1970
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: .

Thewtptal project cost for a cc-Ilegiate CAI physics_dpurse developed at FSU,

when spread over 40 hGqrs of instruction (30 hours of regular material plus 10

hours of review), yields a CAI production figure of $5,980 per instructional

hour. Of course the total budget included some one-time costs for additions

ito the instructional system used, [Hansen]

Costs per curriculum hour vary considerably depending on the goals, manner of

c:omputer usc, .appropriateness of comput:Ir system, rreviots riurriculum develop-
.

ment in the area and accounting method for attributing various costs. Criteria

for cost estimates need clarification, and potentiL investors(sponsors,

administrators and project directors) should view such figures with a critica

eye.' [CLUE SLAM

3. For student use

Data oa costTer student hourcan not be generalized because they depend on

instructional goals, manner of computer use, appropriateness of the computing

system used, skills and praZerences of the -athor, local personnel costs,

_outside consultation, learning materials alteadyavallable,-andthe-method-of-
,

accounting._- The range of costs reported (perhaps 50c to $35 per terminal hour)

on* provides a very general framework. [CLUE Staff]

The average public school spent an estimated $18 per pupil for instructional

materials during the 1966-67 school year, or about 2c per student per hour.

[Booz, Allen & Hamilton]

Cost, or cost effectiveness, in the short run ia.not the major consideration

in a decision to introduce computers into the instruction and course

development program of an educational system. The extent and scope of desirable

changes brought about as a result of the introduction of computers and-information

processing certainly are worth some-additional investment at this time.

(CLUE staff)

-DecemberA.970 Project CLUE
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IV. VIEW OF_THE FUTURE

Responsive environments fair learning will begin at infancy in the home as

well as in spe"Cial day-care 'renters. Children will be grouped from the age

of three on and there will be\no sudden entry into school. Most instruction

will be individualized with a continuous &itgnosis-prescription-evaluation

cycle so that the student can gaiAmastery of basic skills as efficiently ap,

possible. Learning resource centerik 'with computerized libraries and communi-

c4ions controls will be the centers\pf education just as title library is the

center of knowledge within our great universities. Study -carrels or teaching

terminals, however, will be remotely located for the convenience of students.

\
Thefock-step, self- contained classroomN will completely_ vanish. While we may

still have lectures from distinguished speakers, the current classroom scheduling

system and sequence -of courses on a semester\or quarterbasis will be _completely

replaced as the uniformly prescribed curriculum disappears. Computers will take

over most of the drudgery of scheduling classes., allocating learning_resources

to individuals and groups, maintaining progress records while preserving their

__tonfiaentiallty appropriate,- compiling-and scoring-tests, providing-

access to-files of infordation for reference or guidance by students and teachers,

and a heat managegentactivities. - [Holtzman]

r-441

The:- problems of engineering the transition frog laboratory to nass production

have only barely begun- to be faced; the economies of scale necessary to bring

costs within reason can be realized only through-massive production and

standardizationi-teaChing materials to be used with such systems exist only in

444W

bits-and-pieces; and the people capable of forwarding the stare ofthis are

,=

woefully few.
-_ [0et4nger]

Project CLUE December 1970
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A brighter future for CAI might be established through apatt ersh!0 which
,

,includes industry, government and theeducation prafessid
.

erbein companies

r
like hardware manufacture. rs,,book 'companies, and computer So tWere houses

I

must be brought together in order to construct a viable CAI aystem. The

edUcational community must provide subject-matter experts, dem1 onstratiOn and
,

;-'

test facilities, and explicit-goals. lt,has traditionally ee resistant to

outside change but achieving full value df CNI-involves comq ment of'dollar

and-personnel resources for large -scale R&D efforts and form ssive training

and retraining -in the educational zommuptty. central 4ornment is thef-
.

only partner that can adequately and properly provide the \fu ding and.policy ,

guidelines necessary: the financial investment is considerable; the effort

must Serve the public_ welfare; and the return on the investment may take much

longer than industry. profit and loss statements demand,

One method-of implementing the proposed partnership isfto establish a

national center for research and develapMent on innovation in educational

-systems, perhaps a non-profit corporation. The center's prime function would

be to coordinate the application of diverse scientific an4 technological
1

principles in the solution of educational problems. Rese rch and develppMent-
-

would-be-carried-on at Iocal _installationsiiemploying----dif
rent-approaches-

with feedback to the center to upgrade the technology it general. A system

of demonstration schools would be established to implesjtent and integrate the .

11`& D finding within practical costs, situations and onstraints, and to

disseminate information On recommended chanit
[Seidel & Kopsteinj

Machines decrease in cost as they are Baas_ produced; early models of any

system are usually maximally priced because deVelcipmental expenaes are

included. This has been true of-both.compute s-and-television. However

teachers' salaries follow the upward'spiraf of the standard of living. From.

the---viewpant,of costs alone ,Whenhe-two lines iiM teachagrand technology
..-#,,,-!- ,

intersect in the future,
teaching-by-teanology maynedd.to 'be conaidered in

a riew-Aight andjmaibe found to be far more attractive on a cost basis, than

---

to
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Educators will have a greei influence on the future of CAI, through their

decisions aboUt overall goals of education and about the technology requirements

for reaching those goals.',The focus on overall goals will yield a change in

emphasis from method to specification of objectives, increasing the degree of

measurement of the learning process. Such measurement in itself will greatly

increase the rate of innovation in education by making clear the additional

work that is required. .Goals set for the learning process should also cause

an expansiOn of education into other aspects of society, specifically in the

home and throughout a career. "[Bacon]

Aft
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lodes of Computer Use in Instructionar-Rograms

A. Considerations for Developing EffectiVe Uses of the Computer

Effective curriculum development ina-ny -subject or group of
4

,subjects requires an analysis of the content leading to a choice of

ti

appropriate, methods, media and sequencing. Thus in planning a course,
each unit of work should be seen as contributing to a fu-ly co-ordinated
whole. In considering the potential ro1e. of the computer an essential

-re-reqmisiep is a completwanalysis of thearopozed course content so
that computer facilities car be realistically_exploited as a contribution
to the whole.

The-dsigner.of a computer-based simulation or gaming exercise

should give careful attention to specific instructional objeCtives and

to the contribution of computer aids to-their achievement if\he hopes

to document his hypothesis that the richer envtronment and greater
.

responsivenesi of, the computer learltn many-other desirable results

in addition to acqqisition'of facts-and_basiC skills which might be
, .

accomplished with directed study and [Zinn c]
*4-

_ , ----- -

Potentially a very important educational_use of tbe _cos/nter-

bandle data and to.store aid retrieve information is the presentation of

*complex simulation which it would be difficult, impossible, too time
.,-

__

consuming. -or -too costly to set up otherwise. It becomes feasible to

-- 0 '

extend the student's experience beyond theIounds usually set by current

educational techniques.

dpacity to

Project CLUE
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For certain students and some instructional objectives the effectiveness

of a computerized, author-controlled presentation will be sufficiently

greater than experience with the same content in textbooks(' aidiovisual

materials to juttify the greater cost per unit of, instruction. For

example, many children lack the verbal skillsc4scriminations, and

attention span that may be needed for independent study without the

aid of a computer; students of written and spokan languagesingny age

group may for similar reasons need computer assistance for diagnostic

self-testing of skins.
[Zinn]

Computer aciinistered drill or practice
ha; particular relevance to current needs

in providing instruction for the disadvan5,/aged child. Gaps in achievement

2/
. between, populations of the disadvantaged which are presently hampered by the

traditional educational program,
aneother children can be narrowed, although
_

the technique may not prove of value in all individual cases. [Prince]

Although computerized drill may be god'for remedial students, motivation is

the key issue and the child might learn more if he wrote his own programs.

iearning.with the computer should be a creative experience, not a fully

programmed exercise which decides everything for the student. .
[Looaisi

December 1970
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B. The Com uter as a Learning Tool

5

A current trend in instructional use of computers is away from the programming

of sequences to be delivered by the computer under strict control of the author's

sequencing Managers of future systems will probably make the primary

sources of knowledge directly available to students through organized files of

information and procedures; students will be given the necessary learning tools

for information management, computation, and composition.

In using the computer as a learning too), students can accomplish more

scholarly work of greater quality during a given period of study and acquire more

skill in searching for and organizing information than through discontinuous

encounters with structured and strictly controlled tutorial instruction

interspersed with periods of independent study. The development of curriculuM

files shifts the role of the subject expert from the detailed writing of a step-
.

by-step introduction for a topic to the assembly of an appropriate data base for

student exploration and to consultation on the development of powerful aids for

exploration and scholarly work within those files of information. [Zinn a]

One'of ;ho.. most useful modes of computer use for physics instruction is

computation: the students use the computer as a computer and with a standard

programming language. Courses will be restructured to take advantage of this

new and powefful tool. Too often people ignore this particular usage even

though in some areas, particularly in the sciences, it seems to have more immediate

potentiality than almost--any other way of using computers. [Bork]

It is doubtfu that CAI programs which look like lectures and programmed

instruction
0
texts could show significant gains in either time or achievement

i
to justify the choice of CAI over paper-and-pencil or cheaper audio-visual

materials.

Project CLUE

[Bunderson)

December 1970'



II -3 Development .

-1
In educational activities should the computer control the child, or. the .

child the computer? School boards and other public officials should insist

on computer systems that provide each'spadent with the chance to develop

some minimum programming skill. The fAlture citizen will-bemuCh better of

in the age of the computer if :e'leaNns at an eaTly age that he can nd should
f- .

control the computer.
[Science Research')

C. Computer Aids forkkIstructional Management

When individual:, are permitted to learn at their own rate, enormous differences

in the time required to achieve certain performance standards are soon evident.

As a result, practitioners in individualized instructional programs report that

the instructors and aides become inundated with record - keeping activities. The

need for a-computeriied management systemds obvious in these settings. [Dick]'

A more recent trend in instructional
application of the computer is computer-

,

managed instruction. Though there are several projects currently in progress,

not one of them is far enough along to permit evaluaticn of this approach. Since

the principal function of the computer in CMI is to prescribe and schedule, it

could serve thousands of students daily, and the operational costs should be less

than those of traditional Instruction.
[Morgan]

December 1970
Project CLUE



II 3 Development 7

II. PROFESSIONAL-STAFF INVOLVED IN DEVELOPMENT OF LEARNING EXERCISES

Various types of professionals are needed to make u0 the staff of a computer-

based learning project. Many of these personnel will be specially trained in

the new technology; others have managed to adapt their skills to meet new

demands. A number ofindividuals must work together in order to develop

effective uses of the computer in education.
[CLUE Staff]

A. Administrators

Here are needed educator-businessman types literate in computer lore. Also,

there7st be a higher management which encourages an environment for continuous

progress (self-paced) learning in other aspects of the educational or_training,

system as well as CAI components.
[Bunderson]

N.
,

An administration sympathetic tithe goals and knowledgeable about the costs

and other demands of careful development is essential to success, Furthermore,
.

enthusiastic administrators sometimes carry along an already overworked staff
, ..

when funds, computer fesources, and personnel are otherwise lacking.

[CLUE Staff]

B. Operations and Systems Staff

This group-includes_a supervisor, operators, system programmers, and prof.tors

for terminals.
[Bunderson]

Operation of an' instructional resource is a peculiar task. Nevertheless the

experience gained from struggling to meet ve--ied needi at some other resource

center is invaluable.
[CLUE Staff]

Project CLUE December 1970
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C. Subject Experts and Teachers

One needs excellent, talented scholars who can assist in the task analysis.

These content scholars wiLl find themselves interacting primarily with the

behavioral scientists associated with the project. [Hansen]

alTeamwork between schol - teachers and CAI specialists will be required. The

former will confirm the analysis, suggest and develop the major representations,

and author the basic steps of the program. [Gunderson]
. .

Suitable networks will stimulate and assist groups of subject experts who work

together on computer-based materials for the same course at different schools.

Materials developed on a cooperative basis will be more usable at different

institutions than if they were developed independently. [Zinn]

Curricu im development of all kinds requires the active collaboration of

teachers and lecturers in the fie

possibilities of the computer for

innovation can take place.

D. Evaluation Spt:j.

Teachers must explore and exploit the

it will be only through them that effective

[NCET]

The techniques for assessment of outcomes, especially for feedback on

effectiveness of meterial during the development process, are involved

and require experienced_personnei. [CLUE Staff]

1

In summary, the functional skills required are the result of backgrounds in
educational psychology, experimental design and statistics, author-teacher

...........)

experience; instructional programming, instructional coding, familiarity
with computer assembly languages, computer operation, administrative
cootdination, and-supervision. A team is needed to make efficient use of
a system, and would be adequate to handle several subject- matter experts,
each of whom must have sufficient ability talent and expertise in his field
to warrant the expenditure of time and effort.

December 1970
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E. Computer scientists

The cross-fertilization between system analysis and computer programming

and curriculum design for CAI may yet produce a decisive advance in education

just as mental cross-fertilization between different disciplines has contributed

to all decisive advances in the history of scientific thought. Nunderboni

F. Educational psychologists

Instructional designers will help by suggesting representational ideas appropriate

to the interface, prompting with heuristic questions suggested by the design

model, developing system architecture in close cooperation with the authors,

filling in details, and supervising the coding, media preparation, and program

documentation and maintenance.
[Bunderson]

Learning systems analysis should be members of a team working-with subject

experts and able-to gai a q ck understanding of the-subject;-identify flaws

in:reasoning of logical- esent ion; determine for spehfic skills whether

current-methods are the b st available; pr :tribe a sketeton form for -the

material; playi the role of a student;-decideon the most suitable mode for

presentation media; turn analyses and prescriptions into working programs.

[NCET]

G. Learners

Although initially considerable weight should be given to the opinion of

experts in the subject area, eventually simulatioii,--uses of computers for

instruction should be submitted, as are other uses, to a careful analysis

and evaluation in terms of learner performance and attitude. (Zinn c

Uses of an interactive language make the program more accessible to the

student, increasing the- opportunity for him to become involved in the

redesign of an exercise. This is especially iisportant,when the curriculum,

vritir has incorporated mathematical modals or simulations. [Zinn eh
. .
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MODELS FOR INftRUTIOAL DESIGN

.11. 3 Development

_4.

A. Need for Explicit Models

Models must be explicit if we are to make progress toward a technology of

instruction.
[Zinn a)

A more effective and economical generative teaching system calbe developed by

establishing an explicit model of the human tutor who operates in a generative,

algorithmic or creative fashion and then simulating these operations. ['Otte].)

=One of the major problems with instructional strategy is the lack of prescriptions

for instructional design.. There is no adequate data be from which to derive

.
prescriptions in any one curriculum area, and no generally useful prescriptive

rules are found in instructional theory.
[Zinn b]

Certain professors highly regarded i.. their -fields appear-to be wite_prodnetive

without the constraints of an explicit model for instructional design although -

their consistent performance suggests some implicWmodel. [Zinn c]

Usefulness of Detailed Prescriptions

Things to be learned from the original notions-of programmed .4

instruction include: (a) the sequencing,of-events to set up the

increasingly-pricfse forms of response-defined as subject-matter competence;

(Wthesignificant process of thee-sequenCing of instruction to establish

d transfer stimulus control (the expert in.a subject-matter makes

_pre ise-_responses to fine descriminations, and he is in this sense,

Much m re the contr.& of the nuances of his subject matter than

Is the neViced (c) sequences which involve the systematic withdrawal,

of the learning supports required by the novice so that thebehavior of.

the expert becomes i;i:Creasingl:rskf-sustaining and is:maintained,for long

periods of tiiae withour\the-external support of aids and references_ required

by the novice-.
[Glaser)

-December 1970,,
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In order tq achieve the benefits of separating procedure from

content, the empirical derivation of practiCal strategy should be of

considerable interest to educational psychologists. Given a set of

techniques which work, and some parameters for adjusting or tuning them

to individual problems and students, the educational researcher has a

much more powerful tool for conducting research. [Zinn hi

C. Contribution of Continuing Research

11.

The existence of individual differences (learning styles) and kinds

of instructional sequences which must be designed for.them can be discover

on the basiaof CAI experience, but only if instructional sequences are

set up in an experimental enough fashion to allow these differences to

emerge. [Glaser]

Many interesting aspects of an inatruction strategy may be hidden

ih Itre-ittp-itat-iffiderstanding a human may have concerning the subject

area and Student characteristics. Requiring materials and strategy to be

developed through the filter of a programming language assures that procedures

will be explicit; [Zinn ai (

One of of 'Lhe major dbblems with-instructional strategy is the'lack
A-

of prescriptions for-inStructional design:- Perhaps there is some hope in

the additional power provided by geherative techniques, since designers

will be more likely to identify-and manipulate significant parameters.

[Glaser)

One major problem with striving for learner 'achievement and.efficiency.is the

lack of suitable units for measuring competency in a subject area. When the

major purpose as to determine the reIlative standing of students, units need

not be an important consideration. However, a report on the efficiency of a

strategy or medium cd-presentatiOn should try to say that so many units of

competency were acquireelper unit tine. [Zinn bj

Project CLUE
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An nstructional design model should provide a context foebasic and applied

research, seirerate

to develop answers

questions, and,offer an incentive for researchers to seek

to research questions in a mariner which can translate to

instructional design Practice in actual curriculum projects.

D. Other Considerations for Developing a Model

// (Bunderson]

Psychological models provide a framework for research on instruction, but are

relatively sparse.in content and lacking almdst entirely in prescription when

,

compared to human insight based on considerable experience in supervising

individual and group learning experiences. Among CAI researchers, Stolurow and

Bunderson have done more than most using models, and both have at times spoken

enthusiastilcaily. about prescribing different treatments (curriculum tracks or

sequencing techniques) for individuals of differing characteristics or performance.

However, neith.r can demonstrate success in such prescriptions, and the prospects

are iessencour girig now than they were five years ago. The problem mightlbe

characterized as having to know more shout the learner ana his study skills than

he knows about himself, _or applying computer control techniques to learners who
*-

are unable or unwilling to use the iniormation about the subject matter organization

and their own progress which is-provided by any reasonable supervisor of a ;self=

instruction environment.
. a

In the absence of not knowing more about the learner than he knows about

himself:, an alternative plan is to grant io the learner the freedom to

organize his way through "knowledge spaces" and let the computer track _

him. The operational routes through the course', as supplied by the

computer, will greatly aid educational researchers in developing such a

theory-of instruction. In.addition_it makes learners responsible for their

--- -
own actions and management oUlearningi which is almost totally lacking in

educational systems of today.

(Grubb]

It 'is not-to be implied that techniques of research-and development in

behavioral sciences have not-benefited Anstructional-:itechnology;_rather,
we

havOlerived as a result better tools and methods fozdevelopment, presentation,

, and evaluation cif learning
exerdises (whether computer-kbased or otherwise), '

NeVerthele0, veLhave\Only-empr
ouiicaI techniques -with models of the learner

or:alnatrUctionto put within an= autos systtem.
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It may not be wise to make a stronger statement about using mathematical

(or information processing) models in a computer-based system today. The

aspirations of early workers (Smallwood, Atkinson, and Matheson for example)

have not been realized at least in practical terms. However, the nature of the

automated system (large memory, detailed performance data, and rapid processing

of logical andior.mathematical relationihips) is better suited to mathematical,

logical, and structural approaches than to descriptiVe or heuristic ones.

Although it must be an over-simplification of the contributions of the

two classes of models, it is recommended that behavioral-science models be

applied to the human components of a computer -based.- instruction system, e.g.,
, .

orienting the teacher, counselor,.and.manager to the individual resources and

requirements of learners. Information-science models should be applied to the

machine components, e.g., arranging the information in a way. accessible to the

learner via the system and coding the feedback information hna control mechanisms.

[CLUE Staff]

A. Task' Analysis

IV. ANALYTIC TECHNI4UES

Task analysis should tell what needs to be taught in subject-matter terms as well

as identify the kind of behavior involved. _ [Glaser]

A task-analysis of the curriculum concepts to be taught to tb.a student should be

performed. In simple terms; the task analysis should reveal an outline of the
,

curriculum structure as it is to be taught. (Hansen]

6
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Entry behaviors are the skills and knowledge which have already been attained

(by the students for whom the instruction is intended) that are relevant to

the task which is to be taught. They describe where the students are now.

[Dick)

The information about the task and about the,student's entry skills should be

taken into consideration in order to formulate the behavioral objectives. In

fact, task analysis and entry behaviors are the primary determiners of behavioral

objectives. [Hansen),

Entry behaviors should indicate where the students are at the. beginning of the

course, and the task analysis should characterize the various conceptual topics

to be mastered by ,the students. [Hansen)

Hierarchies of Knowledge and Learning Tasks

Th hierarchy forms the basis for the design of individualization and its

description in flow chart form. The list of objectives is the basis for the

specification of interface requirements, the diagnostic and curriculum-imbedded

tests, and the terminAl parts of the sequence of steps for each sub-objective.

[Bundersonj

The behavioral objectives should be structured within a sequence which reflects

one's pedagogical strategy. The instructional strategy to be employed should

relate to a hypothesized set of psychological states through which the student

would pass. [Hansen)

With respect to individualization of- instruction, a hierarchical analysis

provide' a good map on which an individual student may be located. [Glaser)

December 1970
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The hierarchical analysis procedure seems readily appliCable to any cumulative

subject matter like mathematics, much of science, and.eVen music. It seems

less applicable in highly verbal areas.
ee [Bunderson]

D. mp1ications for Representation of Knowledge

Empirical data obtained from learning, hierarchies might influence-the way in

which knowledge structure ts, heretofore, been represented. [Glaser]

_In sum, the student tak g this course sooh:realises that he IS like a an

using a motion picture-camera equipped with*zoom_,_ pan and tilt features.

Successive stages of agnificat of the subject expose more and more

details while panning-and tilting keep_the structure and perspective intact

at all timesmSymbols attached toeach map inform the student of the

level of magnification.

V. -Documentation of Instructional Programs

Readable descriptions A content and strategy 'are essentlal to economical '

maintenance and effective use of coMpdterbased'learninvmaterials. Widely

adopted guidelines for documentation will broaden the base of usersA

effective instructional programs. (See Part 7 and Appendix-C of this

volume.) I.

Project,CLUE Deceiber 1970
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VI. A VIEW OF THE FUTURE

II 3 Development

It is likely that by the ear y '1970's the simpler forms of CAI will be in full

operation in many schools. The more highly enriched tutorial-CAI will spread

more slowly largely because of the amount of effort n develop it properly

and the relatively high cost of implementatiln. By, t mid - X97 ©'s, however, it

should also be fairly.cotmonplacein settings w. a the effeativeness offsets

the cost..

The first succepsfu

. at the tutorial; lev,

.elementary'foreig

[Holt dn]

applica on on a b'road basis of- computer- 3isted instruction

ge level ofI probably be.at the.secOdary and co

anguage.teaching.'
[Supper

Lw

The-development of a free-choice delivery s or CAI, particularly into the

'home, Will ipso-facto free'learnersof-all age f rom the institutional

requirements_ of conventional educational. institutions. As a,conseqUence of such

a free-chi-Ace development, most educational,ins itutionsewill :eventually change

to Fecome!more tesponsive to-Chose they serve or,wither-away.

Thu CAI' has the potential of being kMajor liber_a_ting factor in

education. As such, _it will-not=be und.que.: Technology certainly is a double.-

efted sword; in addition to the-constrictions it-places on out lives, it can

greatly increase our freedom.

Computer and informatiaT sciences.wi

intelligenCe" to be.applied_ tin -the

systems will serve both the st,holar

whatever thediscipiine of study.

[Kyle]

11,provide.even ally a kind of "arts.

teaching-learning-process. The resulting
t

as,an author and the letirnii as Scholar,

staff]
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Programming,Languages and Implications-for-Instructional Strategy:

Statements of Position or Points of View*

r ASSESSMENT OF A LANGUAGE AND SYSTEM

A. Representations for Language and System Characteristics

1. Functional asp ts compared a'inst a standard list 5

2.

A
Samples of code; presumably typical of user and tat- requirements 6

3. Empiricl measures of usefulness:- programming time,

errors, attitude, execution time, etc. 6

B. Suitability for the Primary Users, Considering Background_and Goals

1. Stulent . .
8

2. Instructor (supervisor or managerof-learning)

3. .Counselor or administrator, if different from the instructor 9,

4'. Author or lesson designer c 10

5. Researcher on instruction and learning 11

6. Researcher on the'systems and information sciences 11

C. Suitability for the Mode of Computer Use

1. Rou...uized drill and testing 12

2. -Cuulputerized.programmed instruction, 12

3. Diagnosis and remediation_ 13

4. Question answering 13,

5. File-and text manipulation OOOOO * 14 .

6. Numerical problem solving
14.

7.. Graphic display
15

8. Other modes not defined here (i.e., growth potential to meet

unanticipated user needs) 15

*Thesestatements were selected from published and unpublished literature

(sources are given-at the_end,of the_ section) and paraphrased to ,convey the

intent in a few lines Within the contilitt- of *the larger outline and to point

out similarities and differences'among related positions.

Because many of the statements- were -t = ,en from a-comparative study-of

programming languages, already a distillation of points of view, the list

-of references dJes not include primary sources. The interested reader

should consult the original study (Zinn,-1969a).

Address comments to: 109 East Madison
Ann Arbor, MICH 48104 December 1970
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.-- 47

3. Description ora standard procedureyy which material is
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Natural versus Formal,Language.
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II 4 Languages

I. ASSESSiLENT OF A LANGUAGE AND SYSTEM

A. Representations for Language and System Characteristics

S

5

The forced juxtaposition of two or more languages, whether byda list of aspects;

characteristic samples or Measures of author performance and satisfaction, cannot

help but encourage each designer to improve the capabilities of-his language at

least for those.purposes represented in the comparison.

J. Functional aspects compared against a standard list

The comparison of languages by the 60 "common aspects" in the Educom comparative

study emphasized similarities by presenting together the way in nhich 40 different'

lafiguages would be used to- accomplish the same function. Such eiscossion prompted

some language designers to fill in a.few blanks in the columns deecribing their

languages; that is they added to their own language some of the capabilities

previously Idescribed only for other languages in the comparison table----

A summary table arranged.by commonospec s cannot be tomplete and kree of error:

the languages are changing railidlyL pers axe slow to provide current

documentation; firsthand programming exiierience in each languagAls snot possible.

Different-approaches to summarization favor one language or another; and more

important, different approaches to instructional use of computers require essentially

different language chdracteristics.

Languages explicitly intended to serve different instructional, programming tasks

should be described for the purpose of comparison by differedt sets of attribut:s in

different tables.'*

In other words, programming should be grouped'-with-othels of similar purpose

when making relative camps rsons, nathar-tban f." with all the tools

of very mixed purposes.

Pr'ject CLUE
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When making decisions about languages and systems, the relative weighting of various

criteria must be determined by each project or user, considering: a) the age

and background of -the student -or Other users; b) the# relative importance of research,

development, implementation and operations; c) the relative interests of project

staff in general: system characteristics, programming languages, or instructional

materials; and d) the availability of funds and of a general- purpose system.

Some standard format or common notation is needed for writing an individualized

description of each language so that its characteristics can be interpreted readily

by interested persons whc did not participate in design of the language. In order

to communicate with potential users of computer-based systems, a notation for

description should be readily interpreted by those who have little experience with

languages and systems.

2. Samples Jf code, presumably typical of user and task requirements

The best test of a programming language is througluse, and the closest approximation .

fora reader not yet familiar with the language is a sample of use.on standard,test

situat )ns.

Each language has -1),;.que featur, and any small number of test programs will favor

one or'another. It. is diffiCult to represent the capabilities of any language 7111

- a few pages of sample prpgrams

ManY of the languages continue to he changed, and the samples_ obtained one month

may not be characteristic of what islieing done with_the language six months later.

3. Empirical measures of usefulness: programming time, errors, attitude, executf"n

time, etc.

December '970 Project CLUE
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7

Efficiency of a language sometimes is measured by the number of machine language

instructions, source language instructions, characters in the file, etc. -However

this measure depends on the instructional strategy employed, the propensity of the

author fin writing the-same learning task description in a smaller number of

instructions, and his concern for providing responses for a number of rather unlikely

eventualities.

A major problem or evalLation of any component

definition of a measure of accomplishment whicn

student spends with the new learning materials.

of an instructional system is the

avoids reliance on how long the

The produ:tiveness of an author

should be measured by\koncepta acquired hy_theatudentjor skills peificted); i-ather

than by hours the,stunent-spends at a terminal, as If the system were babysitting.

An effective system will, encourage curriculum designers to exploih the computer

medium toTimprove and expand the,contene and skills taught, and to use th -iidcasion

of revision to*drop some material. which is obviously useless.

_Criteria-for judgments about languages should be more explicit. Words such as

reliability and flexibility are used as if-everyone agreed on what they meani.in

fact verrdifferent measures-of the.implied concept have been employedt it. is not

necessary that all writers.agree upon any single definition for a term or a unique

measure for a criterion, but each writer should make;hig use of terms and measures

more explicit.

Journals,should adopt a firm etxtorial-fg4:!cy which requires clarifidation of the

referentporimeasure of "power", "elegande",.and other such terms when used in

published repprts.

f

Project CLUE December 1970
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II 4- Languages

aideziak_lakg

User performance- (e.g., error rate) is an important consideration in the selection

(6r design) of a language. Increased training may not be the solution; programming

e ors which appear frequently in instructional programs can be reduced by changes

in th translator.

One should nota lays blane ti;:ti-user for programming errors but look at factors

in.nreliabilitY" of the semantics and syntax of the language.. The same applies

to reliability of the instructional program.
SoMe of the errors which may occur

during instruction and interfere with learning by an individual student should be

blamed on the author, or the language designer, etc., not on the student.

it

1. -Student

Students need to be able to get information about the _ syster. operation and procedures

at any time: Is it overatink? Why was his message-not-accepted? How long might

he, have to wait before starting a certain exerciae2. Procedures should be-simple,

including conventions for erasure within a message or cancellation of entire blocks,

indication of availability of a device for input, etc.

The student-of a particular discipline shoulli,not haie to ;acquire computer skill:-

and conventions which are unnecessary for his study, e.g., complicated keyboard

skills or new notational'conventions unrelated to the subject of study, and necessary

only to reply to a computer tutor.

)**
The information processing capability of the codpuler'should be as available to

the student as it is to the lesson designer or the reseaer.

Computers and programming are now bec.ming,Pare of everyday life, and the designer

...)f a compater-based lesson should not hesitate to require of thiviearner certain

computer skills otherwise unrelated io'learlImk in that :.ubj6ct nrea.

December 1970
Project GLUE
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2. Instructor (supervisor or manager of learning)'

. The system (and language) should accommodate the instructor, to/ the extent

that he is expected to adapt the learning materials for each group of students

and his particular style of teaching.,

The right data on student performance and attitude should be available to the

intructor'at the -ight time and in the right context; relevant, timely and

interpretable information is essential for effective management of learning.

If the system is designed to run without intervention of classroog teachers or

other supervisors, then computer memory space and processing time should not be

wasted oa featgres int'uded only for these personnel who do not use the system

la operation.

Counselor or administrator, if dafereliz-from the instructor

Management working frog a perspective different from that of the teacher may

require data in a somewhat different forget and context: the counselor needs detail

on individuals and in the context of other work or plans of that individual; the
7

'administrator needs detail on use of resource -s (personal and technical) in the
'

=context of the total instructional system.

sa

An on-line data management system-for school records would more than pay for

itself'in saving administrative time -and reducing errors in quick judgments.

Most-of the decisions which are made in edUcational systems do not justify on-demand
/-

access to Current data; decision points can be anticipated, and many of them are-

periodic.

Project CLUE
December 1470--
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4. Author or lesson designer

II 4 Languages

Staff on a curriculum development project requires convenience and predictable

operation for writing and testing exercises; these requirements may conflict with

the economy and convenience required for day-to-day student use in the schools.

Terminal devices provided authors are more expensive; the speed of compilation of

new programs is more rapid; priority is given to revision ofmaterials etc.

Data obtainable from student use of learning exercises may be selected and arranged

differently for the purpose of revision of the exercise (by the author) than it

would be for assessment of student performance (by the teacher or administrator.)

System designers should leave many options for the author. As exaiples: the user

may prefer off-line to on-line entry with immediate diagnostics; he mhy wish to

establish ome of his own notational conventims
rather than always to adopt those

of the sys em programmer who designed the language; he may wish to change the

standard plies (such as from "wrong, try again" to "not recognized; try again"),

or\to adjust the tolerance for accer-ing misspellings or typographical errors in

otherwise correct answers.

Although there are many- tri 's that can be played with the counter registers ane.

character registers of "author" languages, the lesson designer must apply peculiar

commands for manipulating these rudimentary elements of informatior proqessing by

computer. Playing these games will-distract otherwise effective authors from their

primary purpose: helping learners. in some ttfficient fashion.

A procedure for presenting-curriculum
materials should be prepared by expert

programmers according to-a design developed by a team of subject experts and

educational
tecnnologista;Ithen the writers enter material into a system which in

part can proteci them against their own e-:rors.

/

December-1970
project CLUE
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5. Researcher on instruct and learning

Aaeducat.ional researcher is willing to pay much more per ;terminal hour than an

educational administrator, if the system provides the required facility for stimulus

presentation and data recording.

O

Research uses usually require more detailed data than teaching and curriculum

development, and some data are unrelated to teaching purposes: latency, physiological

measures, etc.'

In some research uses the computer makes no contribution to'learning by the

subject duriry 'the experiment; the researcher need not be concerned about computer -base

instruction contributing in some way* to the learning of the student beyond what

would have been achieved without the computer.

6. 'Researcher on the systems and information sciences

A project on language characteristics and system features Must invest.in
E 7 f

flexibility,- even at the expense of author or stdderit convenience. --the curriculum

writers saw choose to work with such a project must be willing to give up convenience

for the sake of experimercatio'n, e.g;, adjust to language changes, accept-errors

and unreliability, and modify or discard outdated programs.

An experimental system may

respect to relatiVe costs,

Some day ihe;exptrimental

the same system.-
/ ,

project CLUE

be entirely different, from an operational one with,

_responsiveness to digereht utters, etc.
. e

maid-operational purposes can be brought 1:ogether in
ol

N c
1
,
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C. -Suitability 'for the. Mode of Computer Use

1. Routinized drill and testilm
0

14 Languages

A system used for drill and
should have a library of standard routinestesting

which can be adapted forwhatever pool of drill or test items the user might like

to introduce into the system.

A user should be able to -dd readily to the library of routines or procedures
f.;.

for drill and testing.
f

The.description of data (test items) for standardized routifieu should be

straightforward aad convtnient for the authOr.

2. Computerized programmed4instructioa

4

A system used for presentat n of programmed instruction materials should Aot

require.of the author much mo than a, specification of the text materials as

they might be presented in booklet form rather than on the computer.

Wien variety ilLrequired it should be introduced at random or according to .

parameterdunder the author's control, e.g., selection from a set of confirmatory

. replies or options to introduce-review material.

Frame -by- frame writing-of programs
with an_author language is. on the way out.

'A few years .from .now less than one tenth of any computer-based course will be

programmed by an'author or his technicarassistant frame by frame in/languages

such as'COURSEWRITER and PLANIT.

J.

4
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3. Diagnosis and_remediation
,

.
. .

1

?'/ system intendedito provide attentionto difficulties of individual learners

must have some generalized procedures-to apply each time an answer is incorrect;

full programming of each frame of a diagnostiz test for all Possible stiadait
!

difficulties is not feasible for the major part of self,-testing and remedi4tion

13

exerdisss,
I -

*

Diagnosis, and remediation are, important uses for computers in instruction,

.
, ,

for the student; Is likely to benefit grVtly from the' opportunity c-xr, interaction

with a preparedipracedure. ThiS' mode-of use places correspondingly greter demands

, 7V

on thethe programmOg language employed.

/ _ .

..

-.- -,

.
.

Standardizeilearning.materials can be presented effectively by other medl.a than

computer-4 sed-systems.- The more expensive information processing deyiCei 41a'

. pAnr /112 lanClages snould be applied to those situationesuch:as temediation

where-individualization is not only but-idteSSary.

4. Question.ansWerink

.

Being a device for storing, processing and retrieving inform

shouO be programmed to assist the,individuall.earne4lift his

by providing answers to questions about information sources,

n the ,computer
'

Vfn. scholarly endeavors -

acts, etc-,

One general apiiroach-must be applied- to many topics and learning exercises

-expensive question-'answe'ring systems are- to be practical. 1

if

The expensive systems, designed to'respond to inputs, of greatvar ety and be

applied to a wide range of topics, become practical when the field of inquiry

and he format 'for q4stioning are suitably restricted.

_

Project CLUE_
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5. File and text manipulation

Handling files and stringg of text is not a process incidental to computation,

but a substantial part of information processing sciences. In the educational

setting this mode of use should be accorded full attention in the library of

programming languages made available.

The lesson designer (or the student as a direct user of file information) should

not have to manipulate textual information with primitives applied only to

characters and lines. Languages should allow suitable representation for units

such as words, sentences, paragraphs-, fend chapters a. and for search and

transformation operations.

6. Numerical problem solving

-A conversatiqnal problem-solving language such as APL, BASIC, or CALCTRAN would

be much more successful on a regional computing service than an author language

like Coursewriter. The development of high-quality tutorial instruction requires

a major commitment of funds and personnel, including -instructional designers,

media specialists, and programmers not usually available'at remote locations.

Typically, one person at a site, almost never on .a full-time basis, must.give

demonstrations, teach.programming and consult on applicatins. An interactive

computing language can be more easily taught and more effectively used with limited

resources.

The problem- solving mode will be over-valued and misapplied, as was COURSEWRITER
t,

five years ago. However,, more instructional materialaiof significance are likely

to survive in this mode in the next five years than,have been seen in the

computerization of programmed instruction in the last five years.

December 1970 project CLUE

1

o



v.

II 4 Languages
15

Undikected use of a simple programming language,is not always a cost - effective

way to develop skills in problem solving or conceptualization of procedures. The

,designer of a learning'ex rcise or environment must consider adding language

features specific to the tasks the learner is to carry Out, and try to describe

ways of'assessing the learner's progress along any path to a solution, perhaps

specifying interruptions. to provide information about difficulties encountered.

The special contributions of interactive mode of us41to student programming and

probleM solving are not, obvious. Much of what is said to be unique to interactivd

processors can also be accomplished with well-conceived compilers in a system-

,providing'very quick batch response. [gee VI below on interactive mode contributions.]

7. 'Graphic display

Although graphic capability is much sought after by many computer users presently

restricted to alphanumeric displays, those who do have the technical capability

to show the student line drawings and accept simple sketches in return find the

associated programming task horrendous. Programming problems in this domain have

not beem.solved for instructional users.

8. Other modes not defined (i.e,, growth potential to meet unanticipated user needs)

Other modes of use may not be included in the listing above, and many new uses

are yet to be contrived. Each places special demands on the programming language

and system which should be met if teaching and learning are to proceed in an

efficient and effective way. Computers and information processing should be at

the disposal of the learner and others in the educational system, and programming

languages should be adapted to their purposes.

Project CLUE
December 1970
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No language can be expected to have all those features which may be desired by

various users. Most languages provide for, definition of

subroutines (separate routines designed for repeated use) with a transfer statement

which saves the present location (or any desighdtid location) so that control

can later return to one of the saved lOcations. Macros provide another way to

-avoid repetition in coding by packaging a number of statements to be called on

by one statemelit, in some,cases with parameters. The facility for adding new

operations OT statements is less common bUt potentially very significant.

Some languages alfOw the programmer to write special functions, perhaps in another

language, with a list of 'arguments automatically transferred from one to another.

Ideally, programs written in ariy other language could be linked to an instructional

program so that data could be 'assed from one to the other when the Student moves

from one to another (e2g.,:4rom tutorial to a special simulation ormodel bUilding

package).,

D. Suitability for the Style of Program Preparation/.

If the programming language capabilitiegAnd conventions are not matched to the

instructional programming task, explobtion of new curriculum objectives and

learning techniques will be suppressed, and large scale development of materials

will" be discouiaged.

1: !Description of successive frames or items
1.

More instructional programming has been done by'preparation of frames than any

1

other approach, and most specialpurpose "author",languages provide well for this
I

style. However, additional provisions for establishing normal modes
)

of operation "

orl calling on standardized procedures Would reduce unnecessary repetition in the

Anstructional programmer's task.

December 1970
Project CLUE
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The most straightforward approach to serving the needs of an author may be to

provide a format into which he places elements of the curriculum. The computer

piogram successively presents the question frames, provides a hint when the student

;asks for it, provides the right answer when needed, and records performance data

for later inspection the author of the exercise.

Frames of instruction or items of tests, can be adapted as a kind of computerized

programmed instruction. The similarity of the code and conversation to a programmed

text is apparent. In fact, translators have been written to accept linear (or

simple branching) programmed text and derive CAI interaction with a student.

2. Provision for conversation within a limited context

. -

Authors should be able to,,compose complex, conditional, procedures,,more easily

than at present; MENTOR, and PLANIT include good examples of convenient conditional

expressions by which a procedure can be made dependent on student performance.

Most authbrs of computer-based instruction have male little use of computer logic

and memory, perhaps because they are unable to conceptualize complicated sequencing

rules, or because they are quickly discouraged from doing so by the'clumsy syntax

of programming languages' prepared for them.

\

Programming for conversation in relatively unconstrained English may not be a

_reasonable approach until some breakthrough in research on processing

.
language provides an efficient and reliable means for "understanding" or at least

classifying that the student says.
4

3. Description of a standard procedure by wh:'.ch material is presented

Content should be prepared in a form independent of particular computer conventions

and convenient from the viewpoint of'a context speciilist. The control procedure

which administers a learning task should be free of specific content material.

The answer processing and other conversation-handling aspects of control should

be separateseparate from the scoring and sequencing algorithms.
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Computer programs which assemble instruction materials. from elements of the

subject matter and elationshl,ps among those elements should permit the aufhon

to describe an entire class of pr4lems-by one set of statements. From one general
,

description, an indefinitenumber of test or instruction items should be generated

for presentationt,to each student as needed. A procedure which assembles or generates

materials is likely To have more possibilities'of adapting to the individual than

one which selects successively or,branches through a large pool of specific items.

Increased useof procedure-statements and (separate) curriculum files will be

beneficial for the field, and increasing use of computers in large curriculum

projects will require 'this approach for economy.

Procedure-oriented languages are for computer programmers and for educational
, 1 .

'- technologists specializing in-Computer applications; these persons should produce
4

, the user-orientedtlanguages or data formats which maximize convenience of the

curriculum expert:1,

Pne'could have too large a library ofFstrategies and too much indiyiduality among

/ \
-students and topics for standardized techniques to be useful.

Until instructional ohjectives for a topic are rather well defined (for

example by standard procedures for testing use of facts, concepts and simple

-------skills4f-development-of=prescripfive-curriculua for individualized:inqtrw-tion

in that topic is not likely to be successfUl.

The pradtical application of standard procedure programs and generative techniques

applied to.curriculum files on any specific subject area or training situation

raises many questions: How are information structures.to be described by the

subject expert and stored in the compUter for use in such procedure statements?

How are_materials to be; assembled according_to general rules? How is input from

the student to be processed in some general way which determines a suitable reply?

Can patterns or sequences be identified which prescribe certain adjustment for

the student onsucceeding learning experienzes? Can the prograd improve itself?

)
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4. Specification of an environment for programming and problem solving

If an on-line Problem solving language is suitable for simulation and model

building, then that language certainly is of interest to designers of computer-based

learning environments. First, the subject expert may build models on which to base

-games or simulated practice for students to try. Second, he may guide some students

through revision of the models 'and construction of new ones. In general, he wants

to show students how to use thecomputer for information processing in his discipline;

as lesion designer-Ile might ptoduce a "mentor" which advises each student on how

to get maximum valUe from the computer as a problem solving and scholarly aid.

The most significant contribution of simple, interactive programming languages

may be through increased student use of computers for problem solving and scholarly

_endeavor ors individual initiative.

E. Implementations Available: Machines,Memory Size, Costs, Reliability, etc:

Variations-among machines, even different models of the same machine, will affect
_-----
the language features, efficiency of operation, number of users, and even .the

kinds of use:

_a_language _processar far_a_particular_macbine, say an

IBM S/360 Model SO, is not enough. The specific configuration (computing resources)

assumed by the language,designers must be detailed: amount of core memory, special

features such as memory protection, number of disk and tape drives, terminal

controllers, etc.

/-
Different implementations of a language processor, even with the same functional

specifications and for the same configuration of the same machine, will vary in

processing capacity and cost of use.
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Assessment of the reliability of a particular implementation of an instructional

language and system should consider the rate at which new errors had been appearing

as well as the number of presently knownerrors. Although,a programming system

might be delivered with all known "bugs" fixed, the continuing appearance of three

new ones each week thereafter would hardly betolerahle.

F. Documentation, Teaching. Aids, and System Maintenance Available

Complete and -interpretable manuals are essential for various users. Such

reference materials can be incorporated in 'the processor (computer programs) to

be printed out on request or as they appear to be needed, but in the past such an

approach has been expensive and incomplete. Computerbased manuals continue to

be attractive, especially for the experimental language which is continually being

Changed, making difficult the maintenance of current information in printed formats.

An introductory manual or primer for a language and system reduces the need for

costly.live instruction to initiate new users. Primers have been Written to be

used while working at the terminal of an interactive system, inviting the reader

to test each new convention or concept as it is described in the,text. Such

selfinstruction has also been presented by films or video tapes at somewhat greater

expense and-lessened convenience.

Adequate documentatio. of system programs often is lacking, making maintenance or

improvetents very costly or impossible (without reprogramming large sections of

the processor). An institutional user should be satisfied it has descriptive

materials fOr its systems programmers,or a right contract for maintenance from

the software supplier.
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II. GENERAL IMPLICATIONS OF A LANGUAGE AND ITS IMPLEMENTATION

FOR STRATEGY OF INSTRUCTION

a

A. Data Available for Automatic Decisions
=

If the system is not- capable of measuring the time each student takes to respond,

and making this available for decisions at the moment as well as later, then the

lesson designer is denied this data for his instruction strategy.

Performance and preference records accumulated one day should be available the

next day or the next month from some strategies of-instruction. Records of individual

learning characteristics may be more significant in selecting or arranging a latet

learning experience, than in phrasing the next question or diagnostic within the

same exercise.

Some lesson-designers have wished to pass information from one student to another,;

or provide summary infotmation for ,all, 1whether for normative information about

the learning task or for communication within a manyperson game or simulation ;

monitored by computer.

B. Processing Capability, Handling_ Character as Well as Numeric Information

C. Adaptability to Specific Tasks, i.e., Convenience for Describing Models,

Drawing Diagrams or RetrievinkInformation

D. Generality of Procedures, e.g.r Separation of Procedure from Content, and

Generation of Material from Genera]. Rules

Instructional programs in which the content is described separately from scoring

Ottro1 procedure. are easier to prepare and modify than those in which of

unctions are combined in one set of statements. The content can be altered or

replaced without changing the algorithms and conversely, and relative effectiveness

can be studied as a function of the setting of control parameters, etc.

Project CLUE pece6er 1970 i
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For some learning exercises, the writingof such a rule to generate a large

number of variations will prove more efficient and accurate; a larger number of

items may be described more cilickly than if the author were forced to write them

all oilt, and it reduces the probability of oversight or error on the part of the

author. At other times, however, when thejiumber ofexamples needed is fairly

small or the rule is difficult to compose,,the author can save time by writing

out teach needed variation.

E. Manipulation of Directories, Curriculum Material, Performance

Data, etc.

.
The facility for recording'infotmation in a log is of special significance in

'educational applications of computers, and was not typical_of earlier systems not

prepared specifically for computer instruction. Furthermore, the record of program

status and hf the occurrence of particular transactions are needed for on-line

decisions.

The best tactic for record-keeping in a researchroriented system may be to write

continually a log of everything which happens, and then let the researchers pick

out what they need later. However, an operational system servicing students and

teachers economically should log only the information certain to be needed and in

a format suitable for quick and inexpensive summarization for use by. learners and

managers of-the instruction,

Files are very important in a time-sharing system, and even more so in the

instructional milieu., Generally a hierarchy of files should be available, the

heavily-used files oft disk storage and larger or backup files on tape or data

cell since these modes are cheaper. Temporary files are necessary so that the

terminal user can do "scratch" calculations. Some scheme of access should -allow

various read, write, read-only and write-only privileges to users, in accordance

with the Witri$ status.
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GENERAL CONSIDERATIONS OF UNIVERSALITY
!

A. Universal Language by Established Standard

23

It-is urgent that serious consideration be given to means .for translating

inserditional materials add strategies from one institution and system to another.

A standard or uiversal programming language is assumed to be the key.

Many people complain about proliferation of programming languages for instructional

uses of computers;-but.few people are willing tolet anyone else do something about

ix. Each project, each manufacturer, almost each individual user establishes

/preferences, working habits, etc., and would not like anything like standards iMposed_

on him by someone else.

Attempts to impose a single majorlstandard language ( or a small number of languages)

almost certainly will fail to establish translatability among institutions. Even

If one could assemble enough suppcIrt to pry duce a definition of a standard language,

imposing this standard would be n arly possible. Although the allocation of

federal funds for Ourriculudt development might be made conditional on that standard,

fund will continueto come from a variefi of sources, including the individual

institutions who,generate material for their own use.

7
Although strong forces will be encountered against standardization,-one common

/language is not the important goal. Because of the great variety of purpose and

proceSs in instructional programming, a common language is less desirable than it

might be in bubiness or scientific programming.

If there is to be only one language which all-users must share, then it must be

some notation Or set ofi conventions for describing computer-based learning exercises,

or more generally, mses ofcomputers and information processing in support-of

learning'and instruction.
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B, A Few Common Languages as Justified by Different Requirements

Different purposes require different languages. In the exploratory phases, the

author (or research team) should have two or -more procedure-oriented languages

available,- e.g., FORTRAN and SNOBOL, or PL/.1 and LISP l2,5.- During latter stages

of curriculum development, andein actual use.with learners, the authors should

have suitable procedures worked out and comviled'(or coded in assembly language)

for efficient operation, 'e.g., three-alternate drill strategies, two_modes for

explanation and expositions; and a number of task-oriented environments. Perhaps

one of the languages" for exposition would look like COURSEWRITER or PLAINT, but

it is not necessary and perhaps not desirable to begin therr'''

Achielement of standd'rds with Ia different language for each identifiably different

task4ls probably less likely than effecting a single language standard. All the

problems of achieving agreement, acceptance, and widespread use are multiplied.

However, the essence of "universality" is-not standardization but translatability.

t

C. Automatic and "Manual" Translation-Among Languages of Similar Purpose

..-
I

i

New langu4geS and systems will have greater capacity foi translation of instruction

programs from present'programiling languages in which they were implemented.

.
i

Translatability is. possible without imposing any restrictions on jttnaugtive ideas

.
.

for language `or strategy.
,

Investment in automatic translation from one language to another is an appealing

concept; differences among learning exercises in regard to procedural aspects are

disappearing. The major problem is the considerable cost of writing these

translators, and maintaining them as various languages are changed.

In some cases automatic translation is not possible because of essential differences

in hardware. One system may lack essential cloak or interrupt features. Functional

differences occur in the input and output facilities, that is, the equipmen.t used

to display information to the learner and accept his responses.

Decembet,1970
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.

The materials and strategy for one course weretransferred to a new computer system

by writing prograTs which automatically generated'a set of new instructions for

the second machine. The original - course designers had conceived of theipackage of

lessons in-a general way so that the number of generators that had to be programmed
4

Kas relatively small. Success with this approach to translation in part depends,

on the extent to which the curriculum designers separate data from procedure,

content front strategy.

The current trend in translator

etc.) may provide for diversity

of inforMation processing, data

Each group'af users still could

its particular task= and for its

would remain a common standard,

writing systemis (compiler compilers, macro-generators,

within a common ,enviro ent. The general funcaons

structures, etc., are provided in a basic system.

extend and adapt the capabilities of the system to

convenience. The elementary functions or processes 1
.

and translation could be made through an experienced

programter' who reproduces the capabilities rather than, the, course.

Standardization, or more reasonably, "translatability" of puter-based learning

exercises from one system- and project-td-another requires attentioR-to hardware

as well as software. Important spects of curriculum developed for a system rich

in interactive capability (-audio, graphic, etc.)- may have to be dropped when moved

to another systemlimi, ed to typewriter input and output.

Clearly somevuseful work has been done with.limited terminal capability. If one

begins-with the idea of adaptability to various computing systems and terminal

deices (egg, to most general-purpose time-sharing systems available in schools of
/

engineering across the country), the problem appears solvat!,,le. A specific instance

in the engineering area is the distribution of applications packages (STRESS,COGO,

", etc.). '

d

For materials which are easily described by frames of information or test.

items Along wita simple branching decisions', the author's copy may provide

the documentation for-franslatibn-to"another system and,language. Easy-
_

entry systems can be written'for use with a family of similar language.
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Perhaps the computer-based learning exercises which are a) most translatable, and.

b) most worthy ,of.translatios, Are those which are viewed by prospective users as

tools or open-ended exercises: A topl. Which an instructor can provide his students

in'situations of his choice and with his best adviceill have a much broader

audience than a programmed instruction, exercise Which decides all contextual'

\conlderationd/fo- the instructor.
1

.

to other computer and programm4

roach:

Such a tool 'is more readily translated

than the CAI materials with a Hosed

Discussion of standardization and ranslatability is confused by failure to
-/

disting ish 'among different kinds f users and different levels of documentation.

. t

Automa ic translation requires complete knowledge of two systems, and, is extremely
.,

difficht or imposLble if the intention to transitte.between two'systems was not

considered in the design of at least one of them. Manual translation by an
9

experienced progfammer requires documentatio4of one type; adoption by another'

useri/ requires "documentation" of another typ,e. Even with automatic translation

of the basic'code, the earning exe<cises may remain unused if the instructor/manager

in charge has 119,. convenient way to assess the content and methods of the exercise.
kti

D. Communication and Documentation with a "Publication" Language

Documentation has -two main functions, information\transmission an work

simplification. It transmits informatIon.to potential:users concerning:

(1) contents of instruction and (2) effective'use and application'of the

prbgram. It simplifies work by (1) enabling the use.r to find actual or

potential trouble. spots; (2)_assisting the user to eliminate.problems which

may arise, (3) simplifying revision; ari (4) aiding reviewers.

At the same time one considers the means and costs of various kinds of

translations of computer.programs (whether automatic, manual, or a mixture),
._ ,., / i

one must also consider means for informingtheindividual (prOfesso

', tc.
1 adminidtrator, or even, ndividual student) who must first decide whether to

spend the resources for translation.

December 1970 : Prpject CLUE_
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1. Among Curriculum develars.4'__

Representation of a procedure statement for a curriculum expert not accustomed

to computers requires an approach diffefent from the standardized flow charting

used by computer specialists.

Most languages are not suitable for describing the 'content and strategy of

a learning exercise, and other means for documentation are rarely used by tile

authors. A significant portion of a two- million dollar budget for curriculum

development and operations_might easgy be absorbed by the additional staff effort

necessary to program interesting strategies witha language which'is not suited

to the task. Typically, nothing is left for documentation and distribution.

a_ The separation of content (definition, fact's, relations, etc.) from procedure

(rules for review, error checking, etc.) makes documentation and translation a

much easier job.

A communication medium for talking about, instruction will promote design 'Of

more reasonable learning tasks, and serve also as a significant toot for

advancing instruction research and strategies of curriculum development.

2. To reviewers and potential users

The difficult task of selecting a textbook or reference source for studen

is complicated when the author hides part of his material in g computer

(along with some strategy for gradually revealing it to students). A potential

user should net_have to unscramble the'cryptic computerjprogram listing,' or

extract pieces paragraph:by-paragraph at a teletypewriter or CRT.

Inmost'cases the essential information about

can. be absorbed without executing the - program;

should provide all the information a potential

and logic.

Project CLUE

computer-based learning-exercise
-..

careful study, of propei\documentation

user needs about the materials

December X1970



. 28 II 4 Languages

Relevant informatia is obtained more efficiently through organized explor4ion

of a description of the program than through reading.individual records of

student-machine interaction or through blind searching on-line at a student

station for the eventualities foi which the author has provided coding.

Actual experience with a computer-delivered exercise may be an important factor

in. understanding and'uvaluating an instructional unit, especially if certain

knowledge and techniques are supposed to un2old or develop during the learning

experience. An important component of some learning experiences is affectiVe;

that is, success depends on an'impression or feeling of pleasure, satisfaction

or possibly surprise: Negative experiences might also be4c.dentified by a

curriculum reviewer, in on-line experience more readily than in an author'S

statement of specifications.

k

3. To programmers

Within a number A applied research projects some means has been developed for

4:curriculum designers to communicate with computer programmers: tables, problem

formats, special notations, etc. These temporary measures have shaped the

continuing evolution of programming lanuages ar instructional systems, and

could be formalized into a Uitable "publication" language.

Humans can interpret by context many statements which automatic language processors
.... ,/1

_..

find ambiguous, and this machine deficiency carybe corrected only at cdnsiderable
,--

expense of .irogramming and processing timei--if at all. On the other hand, the

coinputerogrammer implementing-a lesson should receive his instructions from

the curriculum esigner in some relatively constant notation which cans, be interpreted

quickly and accurately.

-Designers of computer-based learning exercises.should be able to communicate

directly with the computer. .Wheneve4 an intermediate programmer has to be

called LI, he Should respond in a way whfai ndl only meets the immediate rlied

but provides automatic (computer) handling of future requests, i.e., direct

instructions from the subject expert to the machine.

December 1970
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E. Natural Versus Formal. Language

The designer of a learning exercise should be able to instruct the computer

29

system in a language natural to him and to his ,discipline, unconstrained by,,

artificialities of computer notation and operation.
Tzwi

The formality of.(nost) computer languages is a good thing, requiring of the

user increased attention to relevant details of his procedure. If one were able

to speak to computers in completely unconstrained English, an impossible situation

at least for a very long time, his directions would almost certainly lack the

specificity required to determine prescriptions for assistance with self

instruction-aUtomaticalli.

Formal-language is desirable in instructional technology for a number of reasond,

among them: tacit -assumptions are excluded; ambiguity is reduced; description

of procedure becopes more readable; and generalized procedures can be applied

in other situations. In general, a formal language appropriately requires the

usex to reflect on what he'instructs the machine to do.

Education and training in a discipline, in particular, the practical application
r

of tecLniqUes to theipresentation of self-instruct1On and other indiVidualized
!

learning materials, eaters because of inade uate communication with the
e
English

ti
.

language. The community of u6ers must us a relatively unambiguous language for

discourse about purposes and procedures before it willbenefit from a formal '_7

language for computer implementation.
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IV. SYSTEM LIMITATIONS ON LANGUAGE

A. Hardware

Uses of auxiliary memory for updating formatted files of student records and

making decisions,in real time on the basis of certain aspects of the'data

.require direct access to specific portions of the information. It\is

disappointing to find the disk and drum storage on conversational omputin

systems used in a tape-like fashion instead of as the direct-access file

devices they really are.

When special-Symbols are required as in language, mathematics and the

_sciences, a printer-type terminal device Mill need special pritainvelements

(as in ,the IBM selectric type ball), or,ah electronic-display will need

facility for user-defined characters to be generated (as on a CRT or plasma

discharge panel with appropriate. hardware attachments).

B. Software

When the subject expert and educaplonal technologist become distracted from

their real purposes by the peculiarities of current computer systems and

-programming languages, they should leave the computer for a time until the

essential parameters of the learning situation are determined. If specifications

for human tutoring are-prepared as if for a more sopHisticated'computer system

than is now availake, techniques developed off the camgdier will more readily be

adapted _for computer implementation later.

A broadly conceived instruction system probably should begin with a. general-purpose

system and add facility for moving from the tutorial mode inJ other

user sub-systems and returning *hen an exercise is complet d. The authOr of

a problem.set may need to maintain contact with the student through some

means of monitoring his work on a prhble4and then bring him-back to the

tutorial mode bedaus6if elapsed time, number of/problem attempts, or even an

anticipated error rich requires special attention.
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Instructional systems should incorporate many programming capabilities which.
(

cki be used by both author and student. In addition-to simple computational

airs, some lesson designers will want to provide an al-,obraic language, a

Nt-processing 'language a model-building or simulation- language, pehaps a

specific system or model wrAtenfor student use, or information organization and

retrieval capability.

C. Communications

Each terminal device for communication between the'Computer and the user has

physical and gical characteristics which determine the kinds of instructional

techniques and/or coffiputer system configurations for which it may be suitable.

The suitability factors include facility for messages from users to computer

(input); Messages from computer to user (output); distance between computer and

user; cost of c mmunication link;, cost and reliability of device.

The rate of message transmission from studentto computer varies wider for

different applications, but it averages out to about one keypress every two

seconds, intluding'the time for. reading and thinking. The machine sends messages

to each user in blocks:but the rate averaged out over all the time the student,

is reading-Or thinking is about two characters per second.

Co' unication tosts usually are significant In servicing remote terminals in

large numbers and/or at long distarices. Since some devices require a voice-

grade,telephone channel but leave it 99% unused, some arrangement for multi-

plexing will allow many terminals to be servicedby a single line between

the computer and the site Of the clustertf terminals.

If a diagram or picture must be read from a video file associated with the

central computer, much communication capacity will be required to get it out

to the local terminal quickly. Alternatively, it can be sent slowly before
%-

it is needed, and then-displayed as often as necessary from local storage.

associated with the terminal. .

f_
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D. Summary of Cost Considerations

Other media than computers will continue to be less expensive for storage,
1

presentation and testing; the economics of computer use are more favorable for

practice and recitation exercises, where a greater degree of exchange between

learner t..ad data base is typical.

The response time and operatihg,costs for any particular user depend in large

measure on the priorities established for 6;12 kind Of user when the system
1

1
dwas designed and tuned.

Techniques for preparing curriculum files must be more powerful in the sensex
4

of f6Wer hours required of thesubject expert to write and'revise materials

which achieve theiobjectives intended of the learning experience. Authors

cannot often afford the luxury of individually shaping or tailoring each4ine,

of text,in each frame for eadh kind o5 student.

It is today'-,cheaper; and in some instances perhaps more convenient, to handle

= some desirable translator features manually with clerks and writing assistants.
s

--.

The next itportant steplis careful development and evaluation of language
4P--

A .
..

_

features hlch adapt to the needs-of authots and subject areas.

Conversationak languages emphasize convenience, and Sometimes require considerable

additional cost in computer time during execution. The number of operationd
v.

for interpretation of a symbolic' program is always greater than for execution

of a program already compiled.into machine level- statements. Of course a pser

may be willing to pay more for execution iflhit-res ts will be available

immediately and without complication, along with qu cc diagnostics and

opportunities for changes in the program at stopping oints tilioughoun

December 1970
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V. DESIGN CONSIDERATIONS

Rd-Ceht-avent- eres in time-sharing warn of the inherent difficulties

endeavors. Ini4al hardware investment is heavy; staff members mus
a` .

competent and well paid; results lag far behind effort invested in

A point too-often Overlooked by planners of new instructional proje

33

in such '

t be, very

the prOject.

cts is that

time-sharing systems need large Aevelopment resources, much larger than most

researchers can afford..

A. Adaptability

-

Facility for definition of functions should be extended to provide for definition

of a) character operations as well as numeric ones, and b),distributed

operators which apply. throughout one or more statement lines. The latter,would

allow foridefp of of new operations with convenient formats for specifying f
/ ti

answer processing. More than one Line should be permitted in the definitions,

and the possibility of an operator.being_diseributed among two or more variable

names must be,a116Wed in the parser.

-.,

One way to extend a"language to handle addi

linkage to other programs. }. No one languag

variety of applications efficiently, and s
-- .

be available in other languages on th

.4

same

(.1to be:; 1) transferring data, 2) ret Jug"

3) legzing the user in control in spite of

The problems with extending a language through definition of'new operators

0

tional applications is provide

now available can handle the total

e useful subroutines may already

system. The major problems seem

control to the calling program, and

program or System errors.

and statement -types concern the internal-representation of the language, simple

rules for
"

describing new features, and the ability to recognize operators
1

distribued thrbughout a list f variables even on more than one line or program

statement

ect CLUE
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Iris not obvious what-the elements of programming should be., The basic statements

and operations need to be elementary enough to permit building the variety of

processes-desired by Programmers. However, high level cowman& should be

"assigned to frequently used routines constructed
by programmers in a way that

--the syntax can be rea-lily:Used by curriculum
designers.

B. Economics e

Variety and flexibility in program:ling capability of an instruction system are

not=necessarily incompatible with- economical operations. Early decisions by

.system designers about specifically what is needed by users inappropriately

limit the scope of applica

4

New features defined within an interpretive language for execution as needed

must be reinterpreted each time-the function is.'used, and little ezonomy of

execution results. The ability to, compile or asemblek-aed'Utine, link it to
-

the interpreter, and specify its execution in a statement form natural to the

user will increase convenience -while making.certain informatiop processing

operatiou more economical to perform.

Oneway.to accomplish some economic advantage is t' -reassemble the interpreter,
J

adding the new statements, functibns or operators to'tlie language. This

delays availability unless an informed system programmer is always at hand.

Reassembly for one-user also raises some questions of proliferation: '- Should

he then have his own special veision; do changes in the basid compiler take effect

*

for everyone? ; I

A recent addition to the tool kit of a system architectts microprogIamming.

The machine's instruction repertoire need not be wired-in; rather the processor

is itself an interpreter of microprogrims which are loaded in_ special memory,

one -for each instruction. For interactive and conversational uses the savings

;can be substantial in both time and speed..

DeceMber 1970
=
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Jcbs without response-time
constraints can run in the background to

use any excess (idle) processor time.
HoWever,-such- jobs could destroy any

benefit by slowing interactive responses and forcing greater.overhead.

Fixed memory can be allocated to the resident background jobs, but fine tuning

is the triclq part.

C. Moettlar'ty .

.
.1

Language processors are usually desi d.in modules. Logical-;separation

facilitates locating an error in the processor, introducing changes, at4

reprogramming the processor for use within another operating system.

' It is not the modular concept but sensible programming which makes a differrstt_

Separation_into blocks of statements which have little if any interaction is

only a -day to encourage sensible programming,4

Documentation

Encouraging uses of a system and language which has inadequate documentation is

-4*
likely to lead to disappointment for users and frustration for those responsible

for mains fining service. Errors or-other considerations requiring modification

are certai to-arise, and the processors should be-adequately described for

maintenance purposes.,

'7
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VI. INTERACTIVE MODE CONTRIBUTIONS TO LEARNER AND AUTHOR

A. Immediate and Responsive Reply

The essential contribution of interactive programming must' involve responsiveness

of the system, and this factor provides special bene,fits fox the casual

and infrequent user. He may be well advised, when unsure of the proper.syntax,

to try various likely ways until the interpreter accept one and does whkIle

intended:. Better yet, the processor should tell him/what form to use the first

time an uninterpretable statement is entered, or refe\him to the section of a

reference manual which is likely to explain away his confusion.

If diagnoStics, provided at the moment and backed up by references to readily

availablelliter4ture, can relieve the user of concern for the means to. describe

his.procedure, he will give more attention to solving the prRblem. A shorter

elapsed time between problet. definition and solution, and the \ime savings

attributable to continuous working sessions provide another bonu§\.

Much of the enthusiasm fgr conversational computing languages may relate to

non-essential features; quiCk response and understandable diagnostics can be

provided' in batch systems.

B. Ease of Conducting a Dialogue and Learning the Rules

Ak

Interactive prograiking languages incorporate aids for program testing in a very

natural way. The same statements with which stored programs are written can be

used as direct commands to the computer to print the values of selected variables,

assign new values. to test other parts of the procedure, and resume execution

with any line Or-Segment-of-the _program.

. f .

A rather deep search fortbelopus of a syntax error and some attempt to interpret-

.

the intention of the-user in spite of ambiguity should help along the dialogue

between user -and machine. This requires a cleverly written processor with

auxiliary memory and decision rules which generate special user assistance.

December 1970 *Project CLUE
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Naturalness lb an important factor in usi!nga language, and'is achieved by

internal consistency as much as by relation 't,o-=,native language. General, Pinventions

-should apply throughout; the user should be-aide to predict a rule t hasn't

been told yet, and one aspect, of the notation should not. interfere with

his' recollection of another.

The dialogue between user and program should be\truly a-dialogue-. That is,

there may be time when the_computer should take the initiative, setting up

instructionsinstructions and asking leading questions, and-other times when the

user takes over. Hwever, throughout this exchange, each may interrupt the

other to suggest a new arrangement.

\C. Flexibility During,the Working Session
1

Interactive mode of work should provide opportunity for sketching out an idea,

testing parts of it,,going back to fill in detail and make corrections, etc.

The user should elect an on-line environment'because it helps him conceptualize

a procedure and solve a problem, not simply because it is an available way

to enter a program into a computer.

Somehow a procesS4 might-recognize when a user is making temporary notes and

when he wishes'fils-work to be saved for future use. At least the user should

be given a convenient notation for designating the expected%permanence of current
_

instructions, and a'means to,retrieve later sometning-Tound to be of, greater

value than originally perceived.

0
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*.These statements have been selected from pdblished and unpublished literiture

.
to represent various points of view concerning evaluation of-computer-based

materials and strategy. Most have been shortened and some altered to convey

the intent in a few lines within the context of a larger outline, and to .

point out similarities and differences with related positions.

Project CLUE

4

Address comments to: Karl L. Zinn
Project CLUE .

109 East Madison
Ann Arbor,, Michigan 48104-

4

December 1970

II 6 Research
5

Unfortunately, current learning theories do not enable us to match the function-

ing of the human mind against the functioning of the-computer. 'Notnified. theory

exists: one--that of "complex stimulus-response
chains"--seems to explain some

processes, another--"cognitive structuring of field"--otherlearning processes.

[NCETj

g.

Optimization is pointless and even of negative effect if the measures implied

by the model are not relevant to the educational goals. Successful application

of optimization assumes that a psychologist can represent-accurately the

state of knowledge of a student at a given time and thatitstruction will in-'

fluence the transition from a faulty state of knowledge to a more desirable one.

Some models of learning are too simple to befE pful. Thecorresponding

procedwres for optimization in such models do not take into account important

: factors of motivation, context, previous learning, or learning style. Other

prescriptions -tor learning, some of'which are called models,do not make

.

suf-

ficiently specrw-reference to the initial orsintetim'observableleh.4-4,3r of

the learner and; therefore, are not useful for managing instructioX.

[CLUE Staff]



II 5 Evaluation

I. CONTRIBUTIONS OF THE COMPUTER

ti

A. Contributions of the'Computef to Learning

CAI reduces time, for completion of a learning task. .,..

3

CAI contributes to
improved,attention during

learning in two way's. First, the

interaction between the student and the CAI terminal foCudes and maintains attention

on the immediate learning task. Second, cm systems have timing procedures that 1

allow one to set maximum limits for response time.

A discussion

the Weather.

[Hansen]

ilboutAndiyidualizing_instruction.is
like..a.discussion about -oradietivm

For present purposed we don't need-a precise definition of 'weather, "

We simply resort to our intuitions., and recognize when these intuitions are violated

by an example or a statement. We also recognize the diffiCulties of predicting the

weather; the sime'is true of individung instruction.

Achieving individualization in instruction is an heroic,task and may be

impossible in many situations. Teachers can carry the burdens of individualized

Instruction only to a limite4xtent. However, the widesgreaduse computers

for individualization of instruction seems practical and a feasible alternative.

[puppes]

If the intent is to instruct students so that all will aChievka,final level of

competency which meets (or surpasses) a minimally acceptable performance criterion,

with variation only in style, speed, or level of achievement, idiosyncrasy cannot

be cultivated. Education then becomes what an iaeustriairengineer might call

mass4rdauction to narrow specifications with rigid qualiiy control. Each pupil

is free to go-more or less rapidly exactly where is told to go.

Project CLUE
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Maximum freedom is not necessarily a 5ondition for individualization of instruction.

Rather, some concepts of individualized instruction migLt include ends that the

student himself defines as well as thos-eends which are stated behaviorally by

-somibedy other than-the student. - [Be'cker]

Contributions of the Computer
B. to the Solution of Educational Problems

1. Present and potential contributions

Computer-assisted instruction (CAI) is not the panaces-fot today's educational

problems, and it'would be a mistake today to introduce CA7 on a massive scale.

On the other hand, it also would be a grave mistake to reject CAI as*a shot-

lived phenomenon or curiosity that should not be taken seriously until it his

been proved. [Stolurow]

..--Many of the assessment, diagnostic, and ,remediatiOn practices of school psycho-

logists may be dramatiCally facilitated and expanded by computer7controlled

interactive devices. If a significant proportion of the clinically-oriented

school psychological procedures could be automated, then the current logistic

limitations in-terms of available professional personnel and the desired range

of psychological practicesiiould be resolved.

Computer-assisted instruction has two major implications ibr the field of

school psychology. First, a direct impact on the range and types of psychological

services in a school system could result in school psychology becoming antici-

patory rather than reactive in style and practice. Secsaa, viz school psycho-

logist will find CAI provides opportunities to pursue psycholo4ca1 research

in a natural, pedagogical situation., [Hansen]

December 1970 Project CLUE
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The evidence clearly indicati.-.3 that CAI teaches at least as well as live teachers

or other media, that there it-- a saving in time to Je arn, that students respond

favorably to CAI, that the computer can be used to accomplish heretofore impossible

versatility in branching and individualizing instruction, that true natural

instructional dialogue is possible, and that the computer will virtually perform

miracles in processing performance data. c [FeldhUben a ]

0,

There are some things which CAI is 'able to *do better-than any other media:

1. Secure,- store and process information about \h--e student's performante

prior to and/or during instruction to determine subsequent activities in the

learning situation.

2. Store large amounts of information and make them available to the learner

more rapidly than any other medium.

3. Provi de programmed control of several media-such as films, slides, TV,

and demonstration equipment.

4. Give the author or teacher an extremely convenient technique for designing

and developing a course of instrpction.
.

5 Pro a dynamic interaction between gtudent'and instructional program

not possible with most other media. ' /

(Feldhusen bl

2
The student, the teacher, and the author tan be economically provided with information

in a form suitable to the needs of each. A CAI system eliminates the need for a

large amount Of separate data processing to make educational tise'of the data.

olUrow]

The potential of CAI to provide a major breakthrough in educati nal pradtice arisds

from the capkbilities-of a walleng eered CAI system (including instructional

software) to provide an,intensive level of individualization not possible before on

' a mass basis. The potential also arises from certain-interactive and display

capabilities of computers whidh possess unique promise for new forms of contact

between iserner and subject matter. limdersonj

Project CLUE
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.

To a limited ex\nt a comphter can substitute for a teacher in the learning process.

When it does so it has the advantage of being-in direct one-to-one contact, and

though less flexible in response than a teacher, it is at least consistent
if

a

II 5 Evaluation

to. [NCET

Regarded as an educatipnal resource,.the computer itself can become an agent

for innovation. Its capacity to present complex simulations and to perform

complicated mathematical calculations at high speed offer nevpportunities in

, many ateas of the curriculum in schools NO colleges. [NCETI

!

..

Possibly the greatest potential of computer-assisted is its capability

101 .-<:-; 4 , ..,
. i to prolade the student wfth a facility for manipulating, redesigning, and re-__

arrangfng-the,_elements of,a_subjeCt matter. [Glaser]

..\

If statistical results obtained n the McComb-program '(CAI favors Negro and
'- ::- 71

-,

?

low-income ria
4

groups tdless of teacher ability) can be replicated in other southern
..--

'4,--- ------
school districts, CAI-drill-and-practice PrOgrams can make a significant difference

___.-----'

in improving education in the South. [Prince]

There is no reason to believe that this new technology will necessarily de-
r

humanize man. There are manyfthings in this world that ckrt be lane better by

machines than by human beings. The advent of the computer clearly pants th

way to major changes in education that will free the individual, both teacher

and student, to interact to sore hunan ways than' ever before. Noitamani:

December 1970 ; Project CLUE
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Those opponents of technology who claim that it is dehumanizing to education

are admitting their ignorance of what is actually occurring now. There is

nothing more dehumanizing Ulan to have a youngster who does not understa

be subjected to having the rest of the classnove along without him; or to

have a youngs er who wants to know, but who is not outgoing and iszfraid to

ask, be subj 'ted to the torment of knowing that he is not aware. It is no

more dehumanizing for at/educator to use technology than-itis for a surgeon to

use the most modern of struments for making incisions.'

2. Comparison of t:ne Computer ,with Other Media

[Pagan]

The uniqueness of a CAI system resides in the computer which prOvides two

significant capabilities: a large memory and flexi le-
4ogic, While memory inA'

a directly displayable form also is provided by a va iety of other teaching

aids, only the computer provides the detailed collcejd random-acCess memory of

each student's responses to individual displays of instructional materials in'

directly useful for automatic pro essing. No other aid providesa form that is

the computer's logical capabilitt- for organizing infOrmation46d make it dependent

upon the characteristics of the individual student. AStolurow]
!it

ob..,

Computer-assisted instruction is distinct from otheriniedia in't-bat it is a potential
, -

''!\

-k*

/

means for making instructi9n a truly_indiVidualizediprocess through the use of

a variety of media utilized to support aystem of instruction. While programmed

instruction and language laboratories appear to individualize initruction,,they.

actually only take the first baby Step in that direction-by allowing the student

to proceed at his own rate. Mass media approaches have provided fn illusion of

economy; hidden are costs of revision7required to Teach different segments of the

total audience. With CAI we could individualize materials e ctronically rather

than by hind. [Stolurow]

Project CLUE December 1970
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\One of the advantageS of the CAI system over other modes of instruction is the

dynamic interchange it puvides between student and instructional system. The

system gives the student a set of conditions that are responsive th

performance. While this is also possible with programmed instruction 'Bing

prInted books, programmed -instruction does not achieve the level of soihi rication
0

or provide the alternatives that are possible with a CAI system. iS urow]

Setting up a computer to teach children is just idiotic--a simple prograpamed

workbook Will do what the computer can do at one-tenth the cost. [Skinlper]

1

Evert when computer technology makes possible the acceptance ofcral responses,

the most effective supplement to the teacher's role in the learning of reading

will robably still be the less costly devices such as the 'Language Master'

and the 'Talking Page.' [NCET]
A.

The practice of numerical skills is ofteh related to a need to solve particular

probleil;s, and the most useful aid would be a checking devite which could be a

computer; but could be conveniently provided by a simple machine. [NCET]

Institutional needs which do not seem to require intensive individualization-or

unique computer capabilities as exploited in simulation, gaming, a problem

solving types of lessons mingled with a relatively'small amount of tutorial

CAI) can often be served adequately by some instructional medium other than

CAI. [Bunderson]

r-

_,...--
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Ideally, a teaching conversation with a computer can be extremely individualized,

drawing heavily on the pfevious,,trainini, abilities, and performance of each

student. A kind of complexity andindividualization is possible that could be

far greater than is obtainable either from programmed books or simply non-

,computef-based teaching machines. [Bork]

3. LimitatiOns and other considerations

The growing pains of CAI a re evidenced by:

1. Pretentious theoreticalOpecuiatAns.

2.. Grandiose expectations of a major instructional role inschooli.

3. Poor quality instructional programs and little ctr no evaluation.

4. Infatuation with computer hardware and systeis.

[Feldhusen a]

Thel_cost per student hour-of instruction is hopelessly non7competitive with.
-

most:in-Ichool,instruction, except probably some vocational and special or remedial

education. However, technological developments will substantially reduce the cost

r

of CAI, while personnel costs are rising.' Also computer sys'tems will be used by
t

schools to i-e-fform functions other than instruction, and the bulk of system costs

will be borne-by these other functions (such aadministrative data processing).

[Morgan]

N\

It is important not to consider CAI as a learning process whilch involves the

computer solely: the "system" could include, for example, teachers, printed

material, and linear'programmed texts. Many experimental developments of CAI

have been ineffective-because they have attempted to put the, whole process on

the computer rather than selecting, those parts for whidh it is most aliplicable.

AV WET]
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If there has been no clear-cUt objective at which to aim, it is very difficult,

if not imp4Sible, to assess the success--or othervisa--of a project. ',then

told that, CAI is-"better" than classroom teaching, one must -ask ihecpestion,

"How do you know?" Unfortunately, this question nearly always goes unanswered.

[McLaren]

/The primary mechanism for mewing the computer into the classroom is discovering

discipline relevance; learning how to program and paying for computing services
/ -

are only secondary: Suitable demonstration of curricular packages will enable

the teacher to appreciate the relevance of particular algorithms to his subject

areaand gain facility with their, use.. Although it most high schools and in

many colleges and universities resources have been sufficient for only token computer

use, more realistic support will become available to incorporate these token ventures

into the general education program. Etykoal

I
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II 6 Research

I. UNIQUE CONTRIBUTIONS OF THE COMPUTER

A. To Research on Learningtsand Teachin%

3

1. Specific benefits -

i

Research done on verbal learning (e.., Fraze's work on dieErrangement of parts

of speech in a sentence, and Rothkopf's work on the placement of questions with-

in text) leads us to believe that the computer can help considerably in facili-

tating replication, modification, and, in general, more rapid progress in

experimentation. [CLUE Staff]

,CAI should be used as a vehicle for new basic research on learning becabse-of

its unique capacity for controlled stimulus presentation, interaction with the

learner, processing of response's, and-storage and processing of performance.

data. CAI should be especially useful in research on verbal learning..

[Feldhusen

One specific advantage to be gained from a CAI system is the capability of

doing research on teaching undek.controlled conditions and, in particular,

under conditions which individualize 4.. Instruction. Another advantage is

the capability of doing research on var,u3 modes of teachingidththe ability

to collect detailed records of student 'rmance that permit evaluation of

the effectiveness of the teaching proce.k, ea, as well as of the effectiveness

of the material. [Stoluraw]
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Research conducted with a CAI system can offer the following benefits to an

educational psychologist:

1. Reliable presentation of stimulus materiali.
t

2. Convenient manipulation of one parameter while controlling others.

3. Rapid interpretation of data just cOlected.

4. Consistent replications,

5. Incidental\administrative and computation uses.
\

6. Readily accumulated data from rernot,!. locations.

7. -Research paradigms inclUding complicated contingencies.

8. "Pin ball_ machine effect" to :,eop e.,.nerimentarsubjects interested.

Some warnings

[Gilman]

Althotigh CAI systems can handle a varitty of psychological experiments, few

studies will require thy. L.,,,c of sophisticated equipment; Infatuation with

or. availability of hardwa e bay 'bethe cause of unnecessary automation with re-%
sulting problems'and expen e.

- Ond study was the only connleted-product of a six-month projec,t_with a

half million dollar yearly research budget. The -study has sinc been replicated.
with a small 'solid state teaching machine (called a Didactor) that can be pro-

grammed to do many of the research paradigms of a large CAI system. The total

budget for the replication was less tthan, five hundred dollars,

[Gilman]

Although CAI, with its versatility, can be an asset to the educational psycho-
,

logist conducting research on learning, the present state-of-the-art will cause

some problems. Th'e reseaicheor shOUld consider CAI a technique to assist him

in learning aboup4ehavior, rather than a facility he must somehow put to use.

[Gilman]
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B. Unique Contributions of the Computer ,

To the Development of a Theory of Instruction

The field of instructional use of computers is still in its infancy, and the

facilities and materials are not yet adequate for development of anythin

general as instruction theory. So far most of the work has been concerne

with deteloping the technology. [CLUE sta

SO

Probably the mk.,or problem with CAI today is that its current level is mistaken

for its potential level. In effect, CAI makes our meager knowledge of teach-
,

ing pdtently obvious.

Our most pressing problem is the lack of an empirically validated theory

of teaching, and in fact we even lack euseful set'ofempirically validated

principles of instruction that could form the basis for a theory of teaching...

Hence, one of the most vital functions of CAI is, poten-ially, the developpent

of an empirically-based theory of teaching designed to meet the requirements

of individual learners.- [Stolurow]

CAI developers ought to leave to others the deyelepment of theories of instruc-

tion. Instead, they should study and glean what they can from established theories

of instruction.

[Feldhusen bj

Probably, the most significant contribution of has been an indirect one.

As researchers tried to program material for the computer, it soon became

apparent that psychological theoyies of learning were not entirely adequate,

and what was, required was a theory of instruction. [Molnar]

t.
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CAI has grownsra idly into a dynamic and promising field for educational re-
,

search and applie instruction. While the empirical research per se is often

of poor quality aid poorly reported, the development of systems aid- instructional

theories is proceeding with great promise. [Feldhusen

'CAI researchers should feel free to work within or without the constraints of

instructional theory. For-some, theory development serves the heuristic pur-

pose of alerting the researcher to all relevant aspects and of providing inte-

gration. But adh rence to a single theory also blinds the researcher to

alternative views Thus, some people will thrive by being eclectic and exploratory.

[Feldhusen b]

4Even if it w r possibleia theory of CAI would be harmful in that it would:

blind the CAI dev loper-researcher to the broader range of instructional resources

whi0 should be tapped in developing a program of instruction. In a sense, this
. ,

.

is theisiri which PI-researchers and developers have been committing. They have been

1

blind to alternative forms or media for instruction. [Feldhusen b]

other possible advantage of the learner-controlled statistics course is the

disco ery of routes th7,ugh a given subject matter from the studenc'a point of

view. Another intriguing avenue which opens in the learner-controlled statistics

course is the provision for learning either by an inductive or deductive mode of

reasoning. [Grubb]

,
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II. GUIDELINES FOR FUTURE RESEARCH

1.

A. Role of IndividuaLLe4rner Differences

II 6 Research

Instructional systems need to be developed/to z:espond to individual differences -N
in an efficient manner. Guidelines for dbing this are'not yet established. This

goal is not being served by other more/established procedures; consequently, this

should be the main purpose of CAI. , [Stolurow]

There is little evidence from reaearch to support the view that individualizatiOn

of instruction is the sine qua non of learning. Widespread practice in schools at

all levels indicates°that much, but not all, instruction can be carried forward

in groups. [Feldhusen b]

Research can the interaction of individual differences With various methods of

instruction has produced few significant results. This may be due to poor selection

or measurement, weak methods, and/or failure to secure appropriate assessments of

ongoing performance. Continued research efforts should be made to explore the claim

to indivIdualization of instruction. [Feldhusen b]

The coitceru about individualization has been mostly lip service. It has not been

defined operationally; present attempts at implementing it are rot complete

enough and have been squeezed back by institutional pressures; and it is also

extremely difficult to accomplish. Many current experimental computer-instruction

prpgrams give may he illusion of individual tailoring. Nettinger and Marks)
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The most pressing need in education is the individualization of instruction.

Education dedicated to this end not only maximizes individual competence but

provides every individual with a,sense of pride and uniqueness atd a feelitig

thathe can contribdte as a fullfledged member of society. Whewthe individualization

of education is taken seriously, it is difficult to think in terms of such

categories as "the very talented," "the disadvantaged," "the handicapped,"- and

so forth. Rather one thinks in terms of the capabilities of eachindividual

and how to provide an optimal educational environment for that individual. [GlaSer]

Individualized instruction requires instructional dedisions'relevant to each

student. The differential decision-making function in individualized'instruction

is a central issue, and these decisions require a greit,deal of information about

the individual student.
[Cooley and Glaser]

4

Considerations for' recognizing individual differences include: rate of student

progress, selection of instructional objectives, and student, control of program

branching. Only the computer provided a reasonable means to keep track of everyone,

match resources with individuals, .t-td schedule people and materials at the right

time, and place in an entire educati4alenstitution. [Holtzman]

'The discovery of the types of interactions eenTritlividual differences and

learning variables is perhaps one of he toughest problems the psychologist will

have to face. The kinds of indi dual differences referred to here are afefferences

which develop from the long- history of the learner: ,aptitudes, learning

styles, personality chara6teristics influencing learning, and prior training and

knowledge.' [Glaser]

B. General Guiaelines for R D

Research on learning with CAI suet continually address itself to the criteria of

success. One bad way of avoiding the criteria problett is to use available test

instruments which inadequately approximate, the goals of the program. The CAI

programmer must specify the intended learning outcomes and develop suitable

criteria behavior measures. [Feldhusen b]
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II 6 Research

uld focus on known principles of learning and on capabilities

to computers. For example, research on learning suggests

aticnal feedback to the learner about the adequacy of his

ance increases the amount learned and liked by the student,.

ty of tests of this proposition should be devised in the CAI
./

its application there. Researchers earlier found thatAhe report

s in a programmed instruction format haa little facilitating

effect on learn ng, perhaps because initial performance Was so highly prompted

that there was little possibility,of error in performance or need for correction.

[Feldhusen b]

Research a d evaluation functions related to CAI must be clearly defined at two

levels: 1) during the development of tAI materials (guidelines by Scriven, Markle,

DAVI and Popham are relevant) and 2) after the CAI material has been developed and

is ready or field testing and use in CAI research (Campbell-Stanley guidelines are

relevan Much of the research has used the limited experimental-control ,group

design ih small numbers of-subjects, poor
criterion tests, and brief treatments..

[Feldhusen I)]

A na

the

of

ional program in the UK should apply some of the known concepts of learning

ry and techniques of omputer programming to the task of preparing aVariety

CAI teaching programs in different subjects.

However, because a ",learning system's model" (or even a teaching one!) has

ot,been identified, it As unwise to base any national program solely on the results

of basic,,research into learning theory orztrebavioral patterns. Rather, research

into learning'theory s ould proceed simultaneously with (but not necessarily as

part of) tha developme t of= national programs. [McLaren]
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CAI is now and will for some time remain in d research and development (R &D)

status. /The major areas of need include the development of inexpensive yet

enriched student terminal devices, author and stu ent languages which better

exploit the computer's unique capabilities, and t evelopment of instructional

design procedures and facilities which will yield eff ctive and well justified

instructional programs. A more general yet more basic problem is that of

developing educational environments which are compatible with individualization.

[Bunderson]

CAI may never r3ach its potential unless continuous progress programs are developed

on a wide'scale. These may'involve media of all sorts in addition to computers,

and may be conducted under new management models for instruction which emphasize

[Bunderson]

Perhaps teti years ago the promise of ccimputer control and analysis gave us an

illusion of having greater control over experimental design. It simply has not

Forked out that the experimentation takes care of itself. Some research studies

are being done on the computer systems simply because the systems are available

and must be justified. The monster with its'-monthly rental requires new research

money all the time to maintain it. Administrators should look to alternate

facilities both for conducting the research wherever possible and for administering

the instructional materials. [CLUE Staff)

Project CLUE
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./'

Computer systems as they are designed today dpinot provide a rich enough-

environ ent for some contributors to development

of%uto ated learning exercises. Therefore, some work should leave the compu r

for a, time, perhaps the next five years, in order' to explore strategies not

necessarily dependent on computer processing of natural language. For exam le,

one might set up learning environments and problem solving situations in which

he studied the behaviorTof a student while solving problems and acquirineconcepts.

Although the computer miklt be used as a tool in modeling the student's behavior,

communication between the environment (eventualli to be automated) and the student

would be carried on by humans. Critics of present uses of computers for instruction

want more effort expended on a more fundamental purpose; namely, the better

/ understanding of student learning and self instruction in semi-automated environments.

[Zinn a ]

Expensive, on-line systems will continue'to be used for research on learning and

teaching and for development of self-instructional programs. Computers and

communications are especially important because the training' devices can be located

in public school classrooms, business offices, and engineering shops or laboratories,

through which an information processing system can instruct, answer questions,

deliver tests of understanding, record data, and test hypotheses regarding

instruction and learh.ng with great detail and over long periods of time. The

capability to introduce experimental control into situations satisfying the real

demands of education and training will reduce the present discrepancies between

contrived laboratory situations and actual applications of learning principles'M

'training and education. [Zinn b]

ti
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Before substantial amounts of new CAI research are undertaken, some major

systems problems should be solved. First, an inexpensive CRT should be perfected

to replace the typed message. Second, the student interface should be developed

as an efficient and pleasant carrel which affords access to several media. Third,

time sharing service and terminals should be abundantly available ti) avoid

artificial constraints on instruction. Fourth, one set of programming languages

should be developed for several modes of instruction such as didactic, inquiry,

and computation, a", for the author mode. Fifth, some lengthy 'courses (3-6 credits)

should be developed to serve as vehicles of research.and as models cf CAI potential.

With suitable equipment, systems,'Etnd instructional software, CAI research

can then come on hard and hopefully begin to. produce significantm8uIts.

[Feldhusen b).

0
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I. ASSESSMENT OF CURRENT DISSEMINATION EFFORTS

A. Information Levels and Needs: Recognize differences among users. .

Information may be described in terms of the level of confidence one has in it.

At the highest level are results of investigations that have been publi;hed in

refereed journals or by publishers with editors accepted in the,field of the

investigation. The intermediate level includes "published" technical repbrts;\

papers "read" at professional meetings, and preliminary results of studies underway

transmitted among friends at professional meetings or on visits. The lowest level
is only a hunch, or educated guess, which acquires confidence almost-entirely from

the respect, tendered the guesser.

The higher the confidence or credibility of information, the longer the

delay in public announcement.- Thus, the information in which one places the

greatest confidence (in technical disciplines of rapid change) is most likely

to have been superseded by the time it is known, although its successor is not
yet available.

[Merrifield & Mood]

Three varieties of university-based researchers may be considered: the teacher-

scholar, the professional researcher, and the student. The research interests

and information needs of teacher-scholars tend to be either specific, with a

component of immediacy, or vague, with a kind of .timeliness about them. Those

of the professional researcher tend to be rather well- structured and well-

scheduled, with a strong component of interest in methodology per se. The

research interests of the student tend to be vague with a yearning for a specific

Problem evidenced by concern for both methodology and the inclinations of his
Mentor.

[Merrifield.& Mood]

.

The professional researcher's need for high- confidence Information is immediate.

Whether his frontier is in depth or near t periphery of his field, the pre-
suppositions on his' study rests are likely to be based on.fairly recent

research by himself or others. ,The need for early confirmation or rejection of

these assumed foundations is apparent, !f the research program is to be an
efficient one.

Project CLUE
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B. pLAtiopserices:LKLyileareuitevariableOinicnIAbout'Mfor.

Information and consulting resources which are currently accessible to the

researdhef and program developer fall into four discernible categories:

1) private "not-for-pro fit7 partly subsidized organizations (such as Entelek;

initially); 2) profit-making commercial organizations (e.g., ICAI, CAIS,ETC);

3) university and government-supported services (such as ERIC Clearinghouse at

Stanford and the Instructional Media Laboratory at the-University of Wisconsin

in Milwaukee 4) :1 :ndWdUal, specially-fUnded studies (e.g.,"Education in the

70'e, RAND study on/Computers in Higher Education, and Project CLUE). [CLUE Staff)

.

-:'

Results from a questionnaire sent to several project directors throughout the
.

.

country revealed that some groups either were not aware of,or had not used

certain of these resource categories. Findings alf,o tended to confirm general

:opinions expressed ir:%-rmally by persons engaged in CAI activities/. 1) university

and government-supported clearinghoubs were, given the most favorable ratings.

2),private "nod- for - profit; partly suheidized organizations, and,particularly

the profit-making commercial services, were criticized fov being

too expensive, material not current enough, inaccurate abstracting, too commercial

lac. professional review. [CLUE Staff]

The private sector of the economy has demonstrated its abilit to respond quickly'

to needs of the nation's educational institutions. Only the rivete sector has

the institutionalized-method- marketing for getting researcn t anslate into, practice.

Non-profit educational institutions should be wary of t6,ing tosuse tax-payer
(-

funds to organize non-profit service institutions from which
/
purchases can be made.

Frequently, their efforts are based upon the almost invariably erroneous assumption

that a.non-profit organization subsidized.with public funds/will furnish better

service cheaper than a profit-oriented organization. Suchiinstitutions should be

established only when it is certain that the private sector will not meet a felt

need. This is 'not the case in the. field of computer-assisted instruction, since

private companies already in being and those likely to be formed in the near future

will provide a wide proliferation of,servicaa for CAI. [Kyle]

December 1970
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C. zoic_o_f_tubliahexs_anth_lianufac.s trerg

At the present, there is little the publishers can market, altHough great

deal can be poured into research and developmen . To what end, though, is

difficult to envision because of the lack of standardization of equipment.

Publishers could develop supplemental ' orkbooks" And the like to accompany

learning exercises on a computer syste they were involved in some way

with that kind of computer activity, e.g., wished to put in R&D-money.

[J. Wilson]

The publisher's responsibility for information. about pilot projects will

no doubt remain in its traditional form: publication of monographs,

edited collections.of readings from journals, technical reports and

unpublished documents, and books by individual authors describing in depth

their experimental work.

The major responsibility for dissemination of fully developed courses"

even though developed by computer will probablyremain\gith major publishing

houses. Editorial and sales functions, while i'1 designed at present for

CAI, will probably be easily adapted to their new roles. The major problem

facing publishers is the implementation of a given program on a variety of

hardware systems. Many Ilk_ techniques and a new channel of cooperation

between publishers and hardware manufacturers must be developed.before the

production and distribution problem Can be solved. [H. A. WilE:..1]

It is impossible for manufacturers to anticipate all needs of educational

users, who in turn cannot specify all requirements until they become involved.

An iceractive developmental cycle is thus implied. Mutual trust and

cooperation between educators and manufacturers is complicated by the educator's

open environment and tradition of free exchange of scientific data, contrasted

to the manufacturer's concern for protecting' proprietary information*, or

releasing possible defective products too early. The new user's group

for IBM instructional systems should p'ove an important voice in bringing

evolutionary development in CAI hardwaref at least for one vendor. [Gunderson]

lgject CLUE December 1970



6 Il 7 Documentation

D. Specifid Concerns: Incentives, reviews and copyright protection

1. Little incentivfor documentation, distribution, and revision.

One reason authors are not interested in documenting computer-bdsed exercises

is the lack of standardization in computer systems; few others could use the

product. More important the lack of institutional rewards (academic and

economic) for such material. In spite of assurances at some schools that

teaching and especially innovative curriculum development will be rewarded

as much as research, academic adminis razors continue to ignore

instructional material in determining promotions and salary increases.
[Zinn]

Many professors initially enthusiastic about computer-based curriculum have

later been discouraged,by the tedium of coding, testing, and revising them.

On some occasions needed revisions have not been implemented because of the

cost and elapsed time, as well as limitations in the system and language. [Zinn]

The high costs and low incentives encouraged by the original author of

curriculum materials are even more serious factors for potential users who/

may wish to adapt the computer-based exercise somewhat for their own

students and educational objective.J. Documentation of computer programs is

unavailable, and incentives for modifthation are small if the credit remains

with the originator. The commercial system knows how to encourage an

individual to prepare a useful second edition of someone else's textbook. [Zinn]

2. Need for information, review and evaluation

Many people are not aware of what others are doing in a related field. There

is an appalling lack of information about similar work, not only at the other

end of the United States, but often in.the same, or neighbouring, state and

even in one case on the same campus, indeed with the same department of the

same campus. [McLaren]
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Practically aY1 the teaching material prepared for computer use has been done

in such a way that one cannot readily take it over into a new situation. The

project which produces only programs is failing to fulfill its obligations to

the world as a whole. Mon.. detention should be given to documenting such

material so that others may decide if they wish to use'it. [Bork]

Results if a survey of researchers interested in education,' technology
Nee/

revealed that computers stand out ds one of three media (among eight possible

choices) most in need of coverage, and priorities -ate for information about

research/evaluation' activities, use/cost factors, management of instruction,

technology (hardware), and content of instruction, in that order. [Paisley]

Unpublished literature dominates the communication among researchers and

developers: conference papers, papers circulated only among the "in" group,

reports "published".by research and development,eenters, and military and

industrial documents. The gain in speed of Communication among researchers

accomplished by using unpublished materials carries two substantial hazards:

1) material is not evaluated, and 2) communication is haphazard. [Feldhusen]

3. Pending copyright considerations

Authors of CAI material have gederally found it either impossible or impractical

.
-

to take advantage of property rights in their products; moreovet. , the legal

status of an easily-copied progrca iv not entirely clear. [Sharpe]

The lack of an adequate and meaningful revision of.the U.S. copyright law is

an important factor impeding development and distribution efforts. The present

copyright law is 60 years old, and, though amended several times, it does

not reflect the controls needed to protect the authors and publishers

developing and adapting materials for contemporary forms atf communications

media.
[CLUE Staff]
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A survey of professors using the 'computer for classroom instruction at he .

university of Michigan indicates that sample materials and research findings

are disseminated primarily through papers read at professional meetings and

informally circulated among colleagues. Several professors expressed

willingness to develop and document experimental computer-based learning

exercises if professional journals and publishers showed more interest in

disseminating them. Other difficulties cited were lack of time, lack of

funds to hire assistants, and lack of interest in showing unevaluated materials

to others.
[CLUE Staff.]

Authors of new-type instructional materials for computer systems that display

acceptable origival'Lty will receive protection in any ultimate reviAion of the

copyright laws. The greatest difficulties encountered in developing desirable

revisions of the laws relate to the ease with which published materials,

including copyrighted materials,, can be duplicated by employing recently

developed technological devices. This duplication may be carried out in a

variety of ways, including, as a possibility, duplication in the memory unit

of a computer.
[Newsom)

A proposed copyright laW would restrict computer storage and processing of

texts, although reasonable ways exist to provide suitable payment to the

owners of texts stored in a computer whether it produces hard '
copy or

only an electronic display. The prospect is that some publishers, whether

through lack of attention to a request or unbased fears about new technology,

could legally restrict the availability of knowledge and its manipulation for

further uses.
[Zinn)
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II. GUIDELINEVOR BROADENING THE BASE OF USERS OF LEARNING MATERIALS

A. Formalize and Standardize Procedures of Journal Dissemination and Review

,

Periodic critical review is needed from Varioug points of view. The

occasional consideration in the Review of Educational Research, the Annual

Review of Information Science and Technology, Computing Surveys, and other

review publications should be made more regular and comprehensive. Perhaps

a special review of computers in education is ne,eded, from the point of view

of educational technology.

A few journals publishing papers which contribute to the body of research

knowledge, techniques and successful applications: Ame,::,can Educational

Research Journal, Journal of educational Research, Educational Technology, and

,Communications of the Association for Computing Machinery.

Disseiination and review of computer-based learning exercises should become

associated with profeSsional societies and discipline. grouping. For example,

the American Journal of Physics publishes refereeknotes on instructional use

of computers. [CLUE Staff]

B. Provide Better Incentives to the Author: Academic credit rotection

reimbursement

It is most unlikely that the overall reward structure of the university

community can be altered so dramatically that faculty members will begin to

produce large amounts of CAI material with no further incentives. -Administrators

must lower the costs and/or :Increase the rewards to a professor for preparing

learning materials. One means is to give CAI material greater generality and

longevity. Another is to provide explicit and direct rewards to the author.

Magpie)
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Some sort of academic credit should be extended to authors for producing

k.

1(

innovative and useful computer-based earning materials. This coul4 be done

by establishing regular reviewing an evaluating procedures in professional

journals. Since contributions to his academic discipline are the chief

determiners of a professional researcher's merit, the reviewing should be

incorporated in discipline-oriented professional journals rather than

education journals. [CLUE Staff

Once the complexities of the problem have been reaolved in the form of a

suitable copyright law, the scholare-using the computer as a tool, will

benefit the more, in keeping with the time-honored American concept of

favoring the public right of access over the author's monopoly. The

scholar involved with the computer as author, along with his publisher, might

appear to lose some of his control, but will ultimately benefit prof4ssionally

and even financially from the broader use of his material as it is translated

into media other than the printed word. [McCartan]

Providing economic motivation to the potential author of computer-based

learning materials has been unsuccessful. A whole industry is geared to

encouraging writing of books, but no corresponding means exists to reward

the writing of a CAI course despite the fact that, like a good book, a good

instructional Prograr can be us-d by others than its author. A mechanism is

%needed for collecting from the user--as from the performer of a musical

composition--fees for use of original materials. [Gordon]

It is a relatively simple matter to modify a computer's operating system to

account for the use of a program or set of data. Moreover, the originator

can arrange to have his program or data used,by others but not copied or

examined by them. Thereby instructional programs and data bases can be

offered for-fees, with property rights reasonably well protected. [Sharpe]-

. December 1970
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Greater effort rust be made to improve the quality and quantity of resources

tva,lablc to the re.earcher from the clearinghcuses and publishers, particularly

from the "not-for-profit" and commercial services. Possible activities

to meet this need!inaude:a conference to discuss ways to evaluate, document,

and distribute cOlputer4based learning materials and literature describing

research efforts;:and establishment of a pilot operation to demonstrate how an

interuniversity ';'library" of such materials and literature might operate.

[CLUE Staff]

The R&D,required to implement CAI and individualization widely and successfully
/

presents a task;which requires close cooperation between university laboratories

and/industry, in both hardware and software development. Relationships with

publishers in regard to instructional software will beCbmg more and more

necessary to provide dissemination and standardization. [Bundermon]

Along with the additional capabili4 of the computer to add new dimensions.to

traditional instructional materials comes an increased degree of compfexity--------/

for the publisher. The skills required to produce good CAI materials do not

necessarily reside within the publisher's current editorial and publication

staff. The flexibility and dynamic aspects`Of this new medium bring with

them additional management and logistic considerations that are not now within

Project CLUE
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Coordination With Other Studies

Throughout the project, CLUE staff members coydinated their efforts with

those of other projects reviewing the use of computers in education. Material

and comment were exchanged with specific projects of similar purpose, among

them: a study of the computer in higher education at Rand Corporation, Santa

Monica, California,-for the Kerr Commission on Higher Education; a survey of

computer uses in college teaching with a demonstration of an innovative

system at the Sloan School of Management, MIT, Cambridge; program planning by

the National Council for Educational Technology, London; and other projects

discussed at numerous single conferences and symposia. CLUE staff members

helped prepare materials for several conferences and publication4 thus

contributing to the other projects and at the same time obtaining useful

comment from the audiences for use in revision of the document of Project

CLUE.

For example, CLUE prepared a package of materials for participants in the

National Council of Educational Technology's Seminar on Computers in Education

held in Leeds, England, September 8-12, 1969. With revisions, some of these

materials were published in the conference procedings. Other significant

contributions of Project CLUE to working con ces include: a workshop on

rt Infra ef esplatel:6 -te c.L. tbp Fall Toint Ckimputer
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[Bacon]

D, Guidelines for Documentation of Learning Materials: Excerpts from one set

of recommendations

Each group of users can benefit if it adapts and evaluates the materials of

others, and has its own materials tried on other systems. Translation of

materials and instructional strategies can be facilitated by a common notation

and other conventions for documentation.

Inluost cases the, essential information about a computer-based learning

exercise can be derived without executing the program; careful study of proper/

documentation should provide all information about the'materials and logic

short of operating system characteristics. It is often more efficient to

obtain relevant information through organized exploration of the program

description than through reading individual records of student-machine

interaction or through blind searching on-line at a student station for the

eventualities for which the author has provided coding. Hourever, a number of

approaches are *mentioned below:

Special notationst A variety of information processing functions are

placed under author control in languages for programming computer-based

learning exercises. Any general notation should be convenient for

December 1970 Project CLUE
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Dissemination and Other Service Activities of Project CLUE

Throughout the project, the staff of Project CLUE pursued activities believed

to be useful at the moment to pottntial users of computerg in instruction.

Thus useful infOrmation was made available previous to and apart from dis-

tribution of drafts of the final report.

As noted earlier, the project exchanged materials and ideas with a number of

other projects, providing direct assistance to some of them. For example, a

'set of project abstracts was prepared for the work at RAND Corporation, and

a draft of a statement of domain and dimensions of computer use. RAND staff

built upon this work and returned their drafts which were of benefit to further

writing within Project CLUE.

The files of Project CLUE were open to all who inquired. The files included

materials on author languages, student languages, abstracts of projects,

selected review papers and technical reports from each project. Other files

concerned special areas such as generative technique and dissemination of

information. '..lese were reviewed by a number of visitors who came to the

Center for various purposes and utilized the CLUE filet they found available

there, and also by University of Michigan faculty and students. Six of the

pnrvirionriv fnr (ssreful search of the literature files and
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representing all of these aspects. Although it is possible to represent

teaching logics or training patterns in existing flow chart notations, such

diagramming is less convenient than it might be. Some simple instruction , /,,

processes require greater volume of charting than should be necessary for

author purposes; some standard symbol's have little mnemonic value in

a this particular application of computers. Some functions. unique to educational

and interactive applications require special symbols if lengthy explanations

are to be avoided.

Content summary: The usual way to describe a textbook chapter or

programmed unit is to provide a brief listing of what it "covers", e.g.,

McDougal"s laws. This general information can be useful, especially to

subject experts who have mph experience with the textbooks and conventional

procedures, for presentation in a particular area. Howver, if a decision

to use certain materials is being made carefully, such more detail is' needed.

First, it should be determined what requisite skills and knowledge are assumed

of the student when he begins the learning exercise. Secondly, the central

concern is what the student. is actually able to do differently at the end of

instruction. Third, suggestions are needed for how the materials are

best used to achieve the goals, and how secondary gOals not explicitly sought

by the author may be affetted.

Records of intetaction: Listings of the interaction or'conversationa

"typical" student may have with a computer program have been published to

convey information about instructional programs. A number of shortcomings are

apparent: one is often left wondering what would have happened ifad the student

said something else. More specifically, one cannot be sure whether.an

apparently appropriate computer _ -_ "response was provided by chance or

actually resulted from a recognition of the student answer or request. Finally,

one would have to read a large number of such transcripts in order to gain

very much information about the full extent of content and logic in the

instructional unit. However, a record. of interaction can present a

realistic sample of how the program actualeidoes perform, and,it emphasises

for the reader the continuity of conversation which a1 it be ackirmW1 sits sn

inAlvidual student.

Project CLUE December 1970
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To take ull advantage of this technique, footnotes or marginal remarks

should be d throughout to indicate alternative treatment that might

have bee given this student had his response been otherwise. The annotator

should dicate what part of a response was recognized and processed by the

compu r. More than one transcriptof interaction with.a program should

be p esented, and each should be selectedto represent another type of

stu ent or learning situation.

If the single purpose of documentation is to communicate information

he t one's material and logic, transcripts could be simulated from a detailed

f ow chart of the interaction. That is, the samples would be designed to best

r present interactions for which the author has provided calling.

On-line experience: Actual experience with a computer - delivered exercise

ma an important contribution to understanding and evaluating an

instruct al unit, especially if certain knowledge and techniques are

supposed to un ld or develop during the learning experience. An important

component of some e ruing experiences is affective, i.e., success

depends on an impression or feeling of pleasure, satisfaction or possibly

surprise. Negative experiences might also be identified in on-line experience

more readily)than in a statement of specifications. For exampleo the delay

in response time is a complicated function of the student's thinking time amill

the magnitude of the job he believes he has given the computer. Information

About the length of time students, must wait, e.g., average reply time of 2.6

seconds with under 10% exceeding 5.0 seconds, is not as impressive as actually

having to wait various periods of time, including some long delays. Problems

with keyboard input perhaps have affective components not readily described,

such as the frustration of trying to represent a mathematical equation or a

diagram in a manner which can be interpreted through a keyboard connected to

the computer.

In general, on-line experience is not a practical way to obtain information

about computer-based learning exercises; it requires more time of the reviewer,

transportability of materials, etc. However, first-hand use provides a context

within which the evaluator can then place vicarious experiences obtained

through the other summary techniques described above. [Zinn]

December 1970 Project CLUE.
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E. New Or anizational Arrangements: Collection distribution and exchange

1. Standardized curricula

A factor that may overshadow technological considerations as a determinant of

software cost is the evolution of institutional arrangements for software

production anJ distribution. As long as CAI material is to be produced

by individual professors for their individual courses at each institution,

software cost will represent a high proportion of the total'system cost of

CAI; each lesson wial be.used by only a relatively small number of students.

. If it becomes possible to standardize some aspects of higher education

curricula to .the. extent that CAT material can be used by numerous institutions,

'then the average cost of software per ftudent, per year can be substantially

reduced. [Barro]

15

Major institutional changes may be needed if CAI teaching is to take over the

major burden of instruction in a subject. The professor can no longer be the

proprietor of "his" course; computerbased instruction might become a service

provided by an academic department, taken by students on a "contract" basis

at their convenience, or prescribed for completion at or before some specified

point in the curriculuin. A new style of academic organization would probably

be required to administer such forms of instruction. [Barra]

New organizational arrangements are needed to stimulate and facilitate software-
'

production. A number of possibilitieS' have been discussed,' ranging from

procedures similar to those in book publishing, whereby financial incentives

are provided to authors of instructional programs, to development of independent

organizations specifically for production of instructional software. The

future shape of the "in tructional Software industry" may have a significant

effect'on software cost per rudent hour. [Barro]

Project CLUE December 1970
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2. Centralization of Resources and Training

In order to diffuse common practices for documentation, programming procedures,

instructional strategies, etc., some kind of professional library and perhaps

a central resource for development'of computer-based learning exercises could

be established. If authors from individual institutions were encouraged to

come to one or a small number of sites to develop materials in a particular

discipline area, the facilities and personnel :there would' encourage certain

accepted techniques for implementation and documentation of learning exercises.

Independent research efforts would continue to explore new techniques which,.

when validated, would feed into the regional or national centers. Some

arrangement such as this is needed to focus attention on those languages and.

techniques which p ove successfulfor large numbers of users-in various

dis ne areas.
[CLUE Staff]

Carefully p a dissemination projects could facilitate the distribution of

instructional materials and strategies beyond the individual projects and

computer systems`with Which they were deyeloped. Probably organized within
t

disciplines, such activity would include,a combination of conferences, working

meetings and a newsletter or other publication to promote translatability'of

learning exercises from one language and system to another. (Zinn]

3. Computerized networki

The potential
utility,Pf.camputerized networks seems to be most significant

for the professiopal researcher requiring faster access to' nformation in which

he has confidence then is presently possible through referee journals. The

result of such prompt dissemination of recent research findi a or ongoing

experiment's ght be more/ opportunity for frUitful discussion. [Merrifield]

December 1970 Project CLUE



II 7 Documentation._ 17

Although access problems are able of solution by a computerized network,

the- value of immediacy to all but the professional researcher seems relatively

/ unsubstantiated. [Merrifield & Nood]

The simultaneity

remove the often

at the same time

by the replicat

offered by an interinstitutional Computerized network might

artificial controls that limit the generality of research, while

providing the corroboration of experts that is now approximated`'

ion of studies. (Merrifield & Mood]

Immediate dissemination of refereed and edited manuscripts would be very

helpful to the professional researcher, and perhaps necessary to the continued

acceleration of research. Any early abstracting service coupled with

computerized dissemination would be worthwhile. No doubt such disseminatiOn

would have to be conditioned on a royalty scheme or some kind of guarantee of

1

economic and professional credit.

Further, the professional researcher could be presented, automatically,

with-information, perhaps abstracted, for which his research area is only a

secondary descriptor. New fields grow from unions of fringe areas, as has

been frequently demonstrated. The need for this kind of information is

perhaps not so urgent as to warrant its entry on an electronic channel; the

function of a computerized network here is not so much speedy dissemination as

comprehensive culling. The activities of ERIC along this line are promising.

tMerrifield & Mood]
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III. A VIEW OF THE FUTURE

The industry for producing, marketing.and distributing CAI material to colleges

and universities will develop much as the textbook industry has.

College faculty members, working individually or in groups, will prbduce

instructional programs. The initial impetus and the testing-ground for these

programs will be provided by the faculty members' courses. Few authors will

invest significant amounts of time'and money at the risk of not having their

materials accepted for use, so it is expected that development costs will for

the most part be charged tothe university.

Campensation typically will be on'a royalty basis, and an author will

want to work with a firm that'can market-his material efficiently. Risk-sharing

and compensation probably will differ little from the arrangements currently

used for teAtbooks..

Tradizional publishers will take on the editorial and marketing function.

Procurement editors can be trained to SoliCit marketable CAI material. It

will cost less to add CAI products to Che 4ne of educational materials

already handled by the publishersthan to, rovide an entirel7 new set of

channels for soliciting potential producers, procuring markets,and

distributing materials.

aterial will be distributed on commercial time-shared services. Some

!
.

servi es will'provide low -cost storage, Acime low -cost computing, and others

low cost input and output. The firm which solicits, revises, and markets-

material does not need also to provide-the computer services on which the

--material is made available. Material will be offered at premium rates, with

the'premium split between'lhe publisher and the author..

December 1970 Project CLUE
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Terminal equipment often will be provided-by the college or,university;

however, the students will be expected to bear most (if not all) of the costs

of using CAI materials. For example, a coin slot on terminal equipmer could

be used in much the same way that coinoperated_typewriters-(usually in the

library) are used by students today. A. coin deposited by a student would send

a special bit pattern over the line. The computer service would then increase

the student's account balance, and he could use the system as long as his

balance remained positive.

CAI materials will have to survive competition with textbooks. The

student will have the option to economize on computer use or to avoid the

costly machine entirely by depending on alternate materials. The industry

for CAI material will develop only to the extent that buyers are convinced

of real,advantages.over conventional published material.

Some CAI materials will compete with instructors as well as printed

material., Traditionally, additional instruction is provided free of extra

cost, thus encouraging rather substantial use by students. If the same

strategy were adopted towards costing use of equivalent CAI material,

peers and administrators would have to determine the relative worthof

CAI visavis, traditional instruction. [Sharpe]

Ez-
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VOLUME II - APPENDIX A

CONDUCT OF STUDY: PROCEDURE, COORDINATION, DISSEMINATION

An abbreviated description of the project is given here to inform the

interested reader about the procedures used to collect and interpret

information, the coordination with other review projects, -1yid the dissem-

ination of tentative findings and supporting information 'ehAing the project

itself.
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Address comments to: Karl L. Zinn, Director
Project CLUE
109 East Madison
Ann Arbor, Michigan 48104
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1114NRrief History -of the Project

A framework for discussion and recommendation was extracted from primary

sources during the early months of Project CLUE (January through March, 1969);

Staff members searched for current and relevant materials, in order to inter-

pret what was being done, what had been planned, and what was judged to be

most needed and important. The survey was aided by suggestions from con-

sultants received by mail and telephone.

Information obtained in the survey was organized into readily accessible

files
/
for use by interested participants. Materials continued to be accum-

ulared from a number of sources; although most of the work was done during

.thei spring of 1969. --Project directorsand persons active in research and

deVelopment responded to requests for pertinent materials relating to their

current work. Staff members visited sites of particular interest and attended

meetings and conferences. Notes of numerous phone conversations and tape-

recorded discussions transcribed and reviewed. Staff members continued

.to check current issuest of professional journals, magazines, and newsletter-

-bulletins as well as books and unpublished manuscripts 53r new sources.

Periodically, news releases and notes on controversial issues were published

in an effort to evoke reaction and obtain contributions from interested readers.

During summer and fall, the CLUE staff assembled from those published and

unpublished sources, five documents containing differing points of view-on

issues in the use of computers in education. Most of the individual state-

ments within each collection were shortened to sharpen the meaning and some

were altered to make them clear'when read outside the context of the articles

from'which they were taken.
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Review by Those Whose Material was Paraphrased

Drafts of five statements of points of view were assembled'during the summer

and mailed to all persons quoted directly and to other interested and know-
,

r

ledgeable specialists in the field. Revisions were made by CLUE staff during

the fall and winter based upon comments and criticism received from these

participants. Vocal expression of opinion was collected at a symposium of

the National Council for Education Technology (United Kingdom) and_at small

discussion groups assembled at meetings of computer, engineering and

educational groups in the United States. A preliminary draft cf the entire

final report was distributed for review and, couni.-nt in February, 1970, and

the preliminary, findings were discussed by c tics called by ProjeCt CLUE to

a special "session at the annual meeting of the American Educational Research

Association (AERA) in Minneapolis, March 2, 1970.

The next series of revisions and updating of the preliminary draft was made

during March and April with additional review at meetings of the Association

for Educational Data Systems (AEDS) and the American Federation of Inforbation

Processing Societies (AFIPS). The appendices were prepared during the spring

and summer and distributed for comment. Several articles summarizing sig-

nificant findings for publicatidn to wider audiences were completed during

the summer. A draft of the final report was presented y the project director

to a special conference on Computers in Education spon ored by the International

Federation for Information Processing (IFIP) in Amsterdam in August 1970, and

the Education Sector of the annual meeting of the Association for Computing

Machinery (ACA) in September in New York City. Based on discussion of these

meetings and others throughout the fall, the report was revised and extended.

Copies of the entire final report will be available through the U. S. Office

of Education and the ERIC Clearinghouse on Educational Media and Technology

at Stanford University. Some sections will be revised and distributed by

The Center for Rebearch on Learning and Teaching at the University of

Michigan, for example,-the Guide to Information Sources (Appendix A of Volume

December 1970
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Early in the project a quick version of the longer review was produced and

distributed through the ERIC Clearinghouse on Educational Media. Project

CLUE staff obtained particularly helpful contributions from Robert Morgan at

Florida State University, and John Feldhusen at Purdue University which were

edited and assembled with other materials for distribution by ERIC.

Project CLUE staff alsr4encouraged individuals to participate in meetings

such as the Seminar on. Computer -Based Learning sponsored by the National

Council of Educational Technology. E.N. Adams prepared a paper on languages

and systems; Gordon Lyon assembled notes on computer system design; Robert

Seidel interpreted Some of his work on economics and management. A detailed

list of various contributions follows.
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Professional Meetings and Associated Project CLUE Papers and Publications

During the study, staff members attended a number of professional meetings

to share the study's findings and to receive suggestions and contributions

.from specialists in diverse fields, related to educational technology. Such

trips and presentations also further the goal of early dissemination of

tentative results and supporting information.

The following list provides a summary of the most significant meetings

attended by CLUE staff throughout the project. The date and place of each

meeting have been noted, topics of primary concern are indicated, and relevant

publications or papers presented at the meetings have been identified.

American Educational Research Association '(AERA)

Annual Meeting
Los Angeles, California, February 3-10, 1969

"Instructional Programming Languages: A Five Year Perspective,"

since published in Educational Technology, Vol. 10, No. 3, March,

1970, pp. 41-43.

Entelek

Midwest Conference on CAI. "4

Chicago, Illinois, February 4, 1969

"PurpOses and Plans of Project CLUE" (Handout)

Association for Educational Data Systems (AEDS)

Convention
Portland, Oregon, May 10-13, 1969

American Federation of Information Processing Societies (AFIPS)

Spring Joint Computer Conference,(SJCC)

Boston, Massachusetts, May 13-17, 1969

"Computer aids to lcarning about computing" (Discussion topic)

December 1970
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Association for Computing Machinery (ACM)

Annual Convention
Challenges of Progress in Computing: People, Technology, Purposes

San Francisco, California, August 26-28, 1969

Organized for round table discussions on computer science topicS'

bearing on instructional uses of computing; project CLUE handouts used.

Institute of Electrical and Electronic Engineers (IEEE)

International Symposium on Man-Machine Systems,(ISMNS) St. John's College

Cambridge, England, September 6-11, 1969

"Interactive Programming Languages Adapted for Instructional Use of

Computers," with John C. Hesselbart. Proceedings of the First

International Symposium on Man-Machine Systems 1969, Cambridge, England,

1970

Nationdl Council for Educational Technology (NCET)

Seminar on Computer-Based Learning Systems, Leeds University

London,, England, September 8-12, 1969

"Planning and Managing the R&D Programme: A Summary of Discussion,"

pp. 89-93 in Proceedings of a Seminar on Computer-Based Learning Systems

in Education, John Annett and John Duke (Eds.). London: National Council

for Educational Technology. 1970, Distributed by Books for Schools, Ltd.,

thrqugh Councils and Education Press, Ltd., 10 Queen4inn-Street, London

.WiM9LD,-England. "A Comparison oeLanguagea'-for Programming Interactive

Use of Computers in Instruction:' 26 -31 in Proceedings.
"Some procedural language elements useful in an instructional environment,"

with Gordon Lyon, pp. 18-25 in Proceedings.

Institute of Electrical and Electronit Engineers (IEEE)

Systems Science and Cybernetics Group (SS & C)

Annual Conference
Philadelphia, Pennsylvania, October 21-25, 1969

"Analysis of Computer Role in Learning and Scholarly Work" (Discussion,topic)

rroject CLUE
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American, Federation of Information Processing Societies (AFIP)

Fall Joint Computer Conference (FJCC)

Las Vegas, Nevada, November 18-20, 1969

"Computer Contributions to Learning and Performance: An Outline,"

Prepared for four concurrent, discussions and revised for publication,

pp. 6-12 Interface, Vol 4, No. 1, February, 1970

National Academy of Engineering (NAE)

National Academy of Engineering, Instructional Technology Committee

Commission on Education
Newark, New Jersey, November 24, 1969

"Broadening the Base of Users of Effective Computer-Related Learning

Materials " ,(Written recommendation*to committee)

American Education Research Association (AERA)

Annual Meeting
Minneapolis, Minnesota, March 2-5, 1970

"Preliminary Draft of Project CLUE Report" (Detailed handout)

Organization for Economic Cooperation and Development (OECD)

Centre for Education Research'and Innovation (CERI)

Symposium on Computers in Secondary Schools

Paris, France, March 9-13, 1970

"Implications of on-line systems for an introduction to computer

'-applications-and programming," in presented at a Seminar on Computer

Sciences in Secondary Education, Centre for Educational Research and

Innovation, OECD, Paris.

.Unesco

Consultation on CAI in Developing Countries
Paris, France, March 16-18, 1970

"Guidelines for Instructional Use of Computers" (Project CLUE handout;

consultation report)

December 1970 Project CLUE
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Organization for Economic Cooperation and Development (OECD/PARIS)

Symposium. on Computers in Higher Education

Paris, France, March 19-20, 1970

"Requirements for programming languages in computer-based instructional

systems," presented at a Seminar on Computers in Higher Education,, Centre

fot Educational Research and Innovation, OECD, Paris 16 (published by

OECD, 1971).

City University of New York (CU'NY)

Conference on Computers. in Education
Princeton, New Jersey, Aprir17-19, 1970

"Introduction to Instructional Use of Compu -rs: Iefinition of Concepts

and a View of the F -uture m (Project -CLUE h dout) 4

National Education Association' (NEA)
Department of Audio Visual Instruction (DAVI) r(

Annual Conference
Detroit, Michigan, April 28, 1970

"Computers in Education: A View of the Future " (Project CLUE handou

1
American Federation of Information Processing Societies (AFIP)

Spring Joint Computer Conference, (SJCC)

Atlantic City, New Jersey, May 5-7, 1970

"Computers in Education: Mechanizing Humans or Humanizing Machines"

(panel discussion summary): Published as "Four Viewpoints on Instructional Use-

of Computers," in IEEE Transactions on Mang-iachine Systems, Vol. MMM-11, No. 4,

December 1970.

Association for Educational Data Systems (AEDS)

'Annual. Convention: Education through Technology

Miami, Florida, May 13-15, 1970

National Science Foundation (NSF)

Conference on Computers in the Undergraduate Curricula

University of Iowa, Iowa City, Iowa, June 16-18, 1970

Project CLUE
December 1970
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INDICOM

-National Conference on Computer Applicationi to%Learning

,
Waterford ComMunity Schools; 'Project IND1c0A'
Bloomfield Hills, Michigan, July 8-10, 1970

"Tentative Findings of Project CLUE -in. the area of programming langLages"

Proceedings in press.

ESC

Engineering Summer Conferences
.Uniyeraity of Michigan
Ann Arbor, Michigan, Summer, 1970

-------
"Sam e Programs for-ins-trurtional Use ox Computers" (Demons Lion) -4--'---

-7-----

/
/

t

-------
Commission on College Physics (CCP)

Conference on Computers in Undergraduatefl-Cience Education
Chicago, Illinois, August 17-21, 1970 -----

"Computers in Physics :and Mathematics InstructiGn: Capabilitie j and

Limitations," in Proceedings of a Conference on Computers in Undergraduate
Science Education, Comnission on College Physics, College Park

Maryland, 1971.

International Federation for lnfornation Processing (IFIP)

World Conference on Computer Education
Amsterdam, Netherlands, August 24-28, 1970

.

"Instructional use of. computers: A critical examination with recommendations
for action," with4Sbsan McCiAutock in World Conference on Computer Education
1970, R. Scheepmaker and K. Zinn (Eds.), International Federation for
Information Processing, Amsterdam, The,Netherlands, 1971. 'General
Report" also reptinte: in IAG Journal, VOL 4, No... 1971.

Institution of Electrical Engineers (IEE)

Conference on Men-Computer Interaction
Teddington, England, September 1, 1970

"Programming Languages and Operating Systems for Specific Instructional
Environments," with James W. Conklin, in the Proceedings of the First
International Conference on Man - Machine Interaction, Institute of

. Electrical Engineering, Savoy Place, London, W.C.2, England, 1970.

December 1970 Project,CLUE
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Association for Computing Machinery (ACM)

Annual Conference, Sector on Computers and Education

New York City, New York, September 2-4, 1970

I)

A
"A ,Review of Computer Uses for Instruction: 'Report on Project CLUE."

To be published in the Lducation Sector of the E..oceedings, 1971.

-46116mi,ssion on Higher Education, Carnegie Foundation

Conference oh Computers in Higher Education

RAND Corporation
'Beverly Hills, Calife..-nia, October 1-3, 1970

"Computer Learning Under Evaluation (Project CLI.E).and an Attempt at

Hyperspeech. in Computers in Instruction: Their Future for Higher

Educaticn, Rand Corporation, 1971.

Organi?ation for-Economic Cooperation and Development.

Conference on Computers in Higher Education

Center for Educational Research and Evaluation (OECD)

Portland, Oregon,' October 26-30, 1970-

"Software Problems in Using Computers for Instruction." and other contributions to._

Conference summary and recot.mendations, published by OECD, 1971.

Institute of Electrical and Electronic Engineers (IEEE)

1970 Symposium on_Man Machine Systems

Wilter Park. Plorida, November. 12-13, 1970

"An Instrutional Environment for Interactive Problem Solving Using

,omputets." (Project CLUE handout)

American Federation of Information Processing Societies (AFIPS)

t Computer Conference (FJCC)

Houston Texas, November 17-19, 1970,

"Cdtuters in Higher Education.": (Project CLUE handout)

rrojeat CLUE
.December 1970



VOLUME II APPENDIX B

LIST OF PROJECTS CONTACTED

Names and addresses are listed for about 200 projects or offices in universities,

schools, government, military; and industry in North America and a few university

projects in other countries. All of the organizations here informed about the

progress of ti,e study. Most provided iformation about their activities and
CLUE staff worked .:losely with some of tne individuals and organizations listed.

The list is intended to inform the reader about the scope of contacts made

during the CLUE study. It may be usefulas a mailing list for distribution of,
material but should not be considered as a list of sources to write or general

information. For guidance in an initial searea, the reader is directed to

Appendix A of Volume I which describes information sources such as reference 4

books, periodical publications, professional organizations and_commercial services

which meet a variety of needs for information.

The reader interested in instructional uses within a particular sibject area
should consult. the discipline- oriented section of Appendix A in Volume I to

determine the professional societies and commissions which were contacted in

the course of the study.

CONTENTS

I. University -based Research and Development

A. General Projects 2

B. Inter-university Projects 11

C. NSF Regional Computer Projects 11

II. Other 1c5search and Development

A. Non-profit 14

B. Military 15

C. Commercial 17

III. Secondary School Applications 20

IV. Information and :omputer Servtes

'A. Commercial: Services 24

B. University and Non-profit Services 26

V. Asian and European Projects 28

VI. government Agencies at Commissions in North America 33

VII. Addendum

Project CLUE
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Audress comments to: Karl L. Zinn, Director
Pro.;ect_CLUE

109 East Madison
Ann Arbor, Michigan
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University-based Research and Development

A. General Projects

1. Dr. Steven Hunka, Director
Division of Educational Research Services
University of Alberta
9th Floor, Education Building
Edmonton 7, Alberta, Canada (403) 432-5762

ALBERTA

2. Dr. Micaael A. Hall, Director BELOIT

Social Sciences Instructional Programming Project
Beloit College
Beloit, Wisconsin 53511

3. Mr:\ Melvin Ferent7, Director
CAI\Research Center
Brooklyn College
Brooklyn, New York 11210 (?12) 780-5271

4. Dr. M. E. Maron, Deputy Director
Institute of Library Research
University of California at Berkeley
Berkeley, California 9402D

5. Mr. Robert M. Gordon, Director
Computer Facilities
Uniyersity of California/at Irvine
Irvine, California 92650 (714) 833-6540

6. Dr. T.-Biessum, Director
California College of Medicine
University of California at Irvine
1721 Griffin Avenue
Los Angeles, CaliforniaNN90031

BROOKLYN

CALIFORNIA/BERKELEY

S

CALIFORNIA /IRVINE /CF'

CALIFORNIA/IRVINE/MED

7. Dr. John A. Starkweather, Director
(on ...leave 70-71)

Dr. Martin Kamp, Actini-blrector
Office of InformatiOn Systems and Computer Center
University of California
San Francisco, California 94122 (415) 666-2012

CALIFORNIA/SAN FRAN/MED

Project ,.LUE
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8. Mr. Charles R. Luepkey, Director
Computer Center
University of California at Santa Barbara
Santa Barbara, California 93106

CALIFORNIA/SANTA BARBARA

9. Robert L. Ciaburri and CARNEGIE MELLON/ESRP .

Mitchell P. Lichtenberg, Directors
Education Systems Research Project
Baker Hall 240
Carnegie Mellon university
Schenley Park
Pittsburgh, Pennsylvania 15213

10. Dr. Donald Super COLUMBIA/CAGP

-Computer Assistec Adance Project
Teachers Co1leg4
Columbia University
525 West 120th Street
New York, New York 10027

11. Dr. Robert S. Tannenbaum COLUMBIAJCAI

Coordinator of Computer Assisted Instruction
Research and Demonstration Center fo-

Ei ication of Handicapped Children
Teachers CollPg'e
Columbia University
525 West 120th Street
New York, New York 10027

12. Dr. Benjamin Rosner, University Dean CUNY

City University of New York, CUNY
535 East Eightieth Street
New York, New York 10021

13. Or. Thomas E. Kurtz, Director DARTMOUTH /CC

Kiewit Computation Center
Dartmouth College
Hanover, New Hampshire 03755

14. Dr. Edmund D. Meyei4, Jr., Director DARTMOUTH/IMPRESS
Project IMPRESS
Dartmouth College
Hanover, New Hampshire 03755

Project CLUE December 1970



15. Dr. John Schurdak, Director
Educational Research and Development Division

Fairfield'University
North Benson Road
Fairf -1d, Connecticut 06430

16. Dr. Duncin Hansen, Director
Center for Computer Assisted Instruction
Tully Building
Florida State University,
Tallahassee, Florida 32306 (904) 599 -3285

17. Guenter Schwarz, Director
Center for Research in College Instruction of

Science and "thematics (CRICISAM)
212 Diffenbaugl3/4.

Floriii-.State-University
TallahasSeet Florida 32306

18. Dr. Lawrence M. Stolutolal-Director HARVARD/CAI

CAI Laboratory
Harvard University
8 Prescott Street-
Cambridge, Massachusetts JI2138 (617) 495-4282

II App S List of Projects

FAIRFIELD

FSU/CAI

19. Dr. David V. Tiedeman, Director (on leave 70-71) HARVARD/ISVD

Information System for Vocational Decisions
Longfellow Hall
Harvard Gradurte School of Education-

Cambridge, Massachusetts 02138

?0.. DrAnthony G.4Oettinger
The Aiken Computation Laboratory
Division of Engineering and Applied Physics

Harvard University
Cambridge, Massachusetts 02138

21. Mr. Arnold-Schildkret
Hostos Community Cale e
260 East 161st Street (9t floor)

Bronx, New York 10451

/
22. Dr. Donald Bitzer, Director

Computer-based Education Research Laboratory
University of Illinois

Urbana, Illinois 61801 (?17) 333-1135

Project CLUE

HL.RVARD /CAIR

90STOS

ILLINOIS/CERT,
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. 23. Dr. George L. Miller, Director
Offito of Research in Medical Education
P.O. Box 6998
Ch c3go, Illinois 60680

Dr. Arthur Babick
Learning Systems Thchnology Program
Division of Educational Media
School of Education
University' of Indiana
Bloomington, Indiana 47401

25. or. David Al Gilwn
Coordinator ...it Media and Technology

21 Stalker Hall
Indiana State University
Terre Haute, Indiana 47809

Dr. R. J. Munn, Director
Institute for Molecular Illysics
Department of Chemistry
University of Maryland
College Perk, Maryland 20742

0

5

ILLINOIS/MED

INDIANA

INDIANA STATE

MARYLAiD/CHIMP

27., Dr. William F. Atchison, Director MARYLAND/CS
Computer Science Center
University of Maryland
College Park, Maryland 20742

28. Dr. Dwight A. gurrill

Individual Learning Center'
Miami-Dade Junior College
110;1 S.W. 104th Street
Miami, Florida 33156

. Dr. Stanford C. Ericksen, Director
Center for Research on Learning and Teaching
University of Michigan
1315 Hill Street c
Ann Arbor, Michigan 48104' (313) 76C-0505

December 1970

MIAMI-DADE

MICHIGAN/CRLT
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Dr. 1alliam E. Huai, Director
CAI Project kon le.ive 70-71)

Mental Health R,!sedrLh Institute
University et Ndligan
Ann Arbor, MiLhigan 48104 (313) 764-9503

31. Pr. John F. Vins6nhaler, Director
liformation Systems Laboratory
312 Curputer Center
Michigan State University

Last Lansing, Michi.on 48823

Dr. Norman Bell
Learning Systems Institute
Erickson Hall
Michigan State University
Last Lansing, Michigan- 48823 (517) 5 -6418

33. br. David C. Johnson, Director
Computer XsEisted Mathematics Program, CAMP
College /af I .ucalion 330 Peik Hall

Univers ty of Minnesota .

Minnea °its, Minnesota 55455

34; Dr,\Russell Burris, Executive Officer
Cent4\for Research in Human Learning
Tord 11.-A4 40C' .

'OniversA. of Minnesota
Minneapolis Minnesota- 55455

35. Dr. J. M. Biggs,\=Director
'Civil Engineering Systems Laboratory
Massachusetts InstitUtg of Technology
Cambridge, Massachuseti\a, 0239

36.- Dr. Ethan F. Taylor
Education Research Center

4th Floof Building-Alpha
575 Technology Square

,Massachusetts Institute of Technology

Cambridge, Massachusetts 02139 (617)

Dr. J:G.R..Licklider, Director
ject MAC

545 TZthnology Square
Cambridge, Massachusetts 02139

Project CLUE

11 App B List

MICHIGAN/MHRI

MICHIGAN SrATE /ISL

MICHIGAN STATE /LSl

MINASOTATCAMP

MINNESOTA/CRHL

MIT/CIVIL

MIT /SRC

mri/mAc

Decer 1970
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sb. Dr. Mi;:l1Aela.5': M,'11,01)

11 :n ISci.D2-1 of MaI,af;ement

50 Medoriai Drive

Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

39. Dr. J. B. Adair, Directo7
Learning Resources Project
North Carolina State University
Raleigh, North Carolina 27607

40. Dr. Paul Oliver

Department of Comp4ter and Information Science
University of North Carolina
Chapel Hill, North Carolina. 27514

41. Dr. Alexander Schure, ['resident
New York institute of lechnology.
Wheatjey Road
Old Westbury
Long Island, New York 11568

Mr. James Bradner
Physical Sciences
Oakland Community College
27055 Orchard-Lake Road
Farmington, Michigan 48024

43.' Mr. Edward J. Director
Ocean County Information Network
Ocean County College
Toms River,'New Jc_rsey 08753

ti

44 Dr. G. Ronald Christopher
CAI Coordinator
The Ohio State University
1080 Carmack Road
Columbus, Ohio 432''

45., Dr, James V. Gtieson
College of Medicine
Ohio State Univeesity
Columbus, Ohio 43210

MIT/SLOAN

NCSU

NORTH CAROLINA

NYIT

OAKLAND

OCC/CAI

OHIO/CAI .

u '

OHIO/MED

9

December_lS%a Project CLUE
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47. Dr. Doo..1d D. Fislitir

Computing ana Information Sciences Department
(1kfdho.:_a SC1.12 University

StillwAter, Oklanoma 74074

48. Dr. John !.1. Newton
Psychology Department
University of Omaha
Omaha, Nebraska 68132

49. Dr. Keith A. Hall, Director
CAI Laboratory
201-202 Chambers Building
Pennsylvania State University
University Park, Pennsylvania 16802

11 App B List of Protects

OUSE

OKLAHOMA

OMARA

PENN STATE

50. Dr. Robert Glaser and Dr. William Cooley PLTT /LRDC

Co-Directors, Learning Research and

Development Center
-University, of Pittsburgh

Pittsburgh, Pennsylvania 15213 (412)683-8640 X7555

51. Dr. William P.'Matsh \

Planning Office of Urban Affairs
Archdiocese of Boston
7 Marshall Street
Boston, Massachusetts 02108

52. Dr. Robeit R. Korfhage-
Computer, Sciences Department
Mathematical Sciences Building

PurduelUniversity
LafayAte, Indiana 47907

53. Dr. Robert Gel)ing
Rochester Institute of Technology

NIID P.O: Box 3415
Rochester, New York 14614

BOSTON/POUA

PURDUE I

ROCHESTER

Project COE ISecember 1970
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3,4. Dr. S Dirc,:ter

DeNrtment ; Cher4istr..
Ffaser University

turnabv 2, prItish Cclumbi_a

tL ,

SIMON FRASER

.
ProlLspor I.Jtri61 Suppes, Director STANFORD/MATH

Institute ior Stuoies in the

Sci.ences (Math Project)

56.

Ventura Halt
Stan.,Jru University

Stanford, California 94305 (415) 321-2300

D/g Richard C. Atkinson, Director
institute fear Mathematical Studies 113 the

Social Sciences (Reading Project)

X3111

STANFORD/READ

Ventura Hall
Stanford University
Stanford;" California 94305

57. Dr. Murray Clqirman SUNY/ALBANY

Department of Education Communications

Education 115
State University.of New York at Albany

Albany, New York 12203

58. Dr. Robert S..Harnack, Chao -man SUNY/BUFFALO

Computer-based Resource Unit Project

School of Education
A.Foster Hall

State University of New York at Buffalo

Buffalo, New York 14214

59. Miss Sylvia WasserLheil, Director SUNY/NEW PALTZ

Computer Assisted Instruction - 209 CSB
State University of New York

New Paltz, tie} York 12561

60. Professor Edward D. Lambe, Director SUNY/STONY nOOK

Instructional Resources Center
State University of New York
Stony Brook, Long Island, New York 11790 (212) 687 -6681

December, 1970 Project CLUE .1.
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Istituto

Dr. C. ViLtor Buaders.,n, Director

k.A1 i..%1F)ratcry

ori raj'.

1niver5Aty of lexas

Au'-tin. lexas 7S712 (512) 471-3344

i. Dr. I]arl B. aunt

Department ot Psy_-hology

University of Washington
Seattle, Washington 98105

64, Dr. Stephen R. Varna'', Project Director
Computer Aided instruction
Washington/Alaska Regional Medical Prgeram
University of Washington
500 University District Building
Seattle, Washington 98105

65. Dr. Leonard Uhr
Computer Science Department
1210 West Dayton Street
University of Wisconsin
Madlson, Wisconsin -53706

66. Mr. Robert E. Hoye, Director
Instructional Media Laboratory
-University of Wisr sin--Milwaukee
Milwaukee, Wiscons ! 53201

-\

R;

TEXASICAL

WASHINGTON

WASH1NGTON/RMP

WISCe,4SIN/CS

WISCONS1N/IML

67. Dr. Philip Lambert, Director WINCONSIVIRI.

Instructional Research Laboratory
308 Education Building
University of Wisconsin
Madison, Wisconsin 53706 (6J8) 262-3888

68. Dr. Warner V. Slacl,

Assistant- Professor of '!edi,ine

University hospitals
1300 University Avenue
University of Wisconsin
Madison, Wisconsin 5*3706

Project, CLUE
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B. Inter-University Projects

1. Mr. Henry Chaunt , President EDUCOM

EDUCOM
P.O. Box 364
Princeton, New Jersey 08540

2. Mr. John C. LeGates, Director EDUCOM/EIN

Educational Information Network.(EIN)

EDUCOM
100 Charles River Plaza
Boston, Massachusetts 02114

3. Dr. Peter 1G. Lykos, Director
uooperatlive Venture in College

IIT/CVCCD

Currictilum Development
Information Science Center
Illinois Institute of Technology

Chicago, Illinois 60616

4. Dr. Bertram Herzog, Director MERIT

MERIT Computer -Network

5.

611 Church Street
Ann Arbor, Michigan 48104

Mr. Louis L. Parker, Jr., Director

North Carolina Educational Computing Service

P.O. Box 12175
Research Triangle Park, North Carolina 27709

NSF Regional Computer Projects

NCECS

1. Dr.,Allan J. Perlis CARNEGIE MELLON

Computcx Science.Department
Carnegie-Mellon pniversity
PittOurghl Pennsylvania 15213

2. Dr. G.D. McCann, Director .CIT /RCP

Willis- H% Booth' Computing Center
California Institute of Technology

Pasadena, California 91109

3. Dr. Eric D, McWilliams CORNELL/FLARCO

Finger Lakes Regional:Computing Organization

Office of Computer SerVices -

Cornell University 0

Ithaca, New York 14850
/

December 1970
Project CLUE'

1



4. Prof. Tnomas L. Kurtz, Director
Dartmoutn Time Sharing System

Kiewit Computation Center
Dartmouth College
hanove.r, New Hampshire 03755

Dr. George L: Simpson, Jr., Chancellor
University System of Georgia
244 Washington Street, S.W.
Atlanta, Georgia 30303

6. Dr. Peter Lykos, Director
Computer Center
Illinois Institute of Technology
Chicago, Illinois 60616 -

Prof. G.P. Wgeg, Director
loV,,a Regional Computer Center

W i, East Hall
University. of Iowa

Toi4a City, Iowa 52240

II App B List of Projects

DARTMOUTH /RCP

GEO:WIA

IIT/RCP

IOWA/RCC

Dr. Richard S. Lehman, Director MER'

MiddleAtlantic Educational and
Research Center

P.G. Box 1372
Lancaster, Pennsylvania 17604

9. Mr. Richard K. Wells, Coordinator NERComP

New EngLand Regional Computing Program
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

10. Mr. Louis T. Parker, Jr., Director
North Carolina Edicational Comyuting Service
P.O. Box 12175

,

Research Triangle Park, North Garolina;27709

NORTH CAROLIMN-ECS

11. Dr. Larry C. Runt r, Director OREWN/RCP

Computer Center
Oregon State University
Corvallis, Oregon 97331

Dr. Robert R. Korfhage,
Departmefit of Computer Sciences

University
.

rsity,

ScienceS Bqlding
...Pu;Aue Un

Lafayette, Indiana 47907

PURDHE/RCP

December 1970 ProAect CLUE
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13. Dr. John Hamblen, hircctor
Computer Facilitle,, for instruction in
Small Colleges

Southern Regional Pducation Board
130 Sixth Strect, N:W.

_Atlanta, .Georgia -30313

,,

14. 9r. Paul Armer, Director
NSF Regional Coffiputing Project

Computation Ce er

Stanford University
Stanford, Californ a .94305

,.......

13. Prank ltust.on

Department of
St. Anselm''S College
Manchester, New Hampshire 03102

16. Dr. Anthony Ralston, Chairman
Department of Computer Science 7/

State University of New York iBuffalo
4226 Ridge Lea Road
Amherst, New 'York 14226

SREB/PCP

STANFORD/ RCP

/ ST. ANSELA'S/RCP

Q

SUNY/BUFFALO/RCP

17. Dr. r'..arle9 H. Warlich, As,4ciate,Director TEXAS /RCP

Computation Center \
University of Texas at Austin
Austin, Texas 78/12

18. Dr. Roger W. Elliott
Texas Regional Andemic Computing Experiment
Texas'A-& A University
College Station, Texas 77843

A

Project CLUE

TEXAS/TRACE
I
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. Non-Profit

.

_Dr-._=Mur--rav Tondow, President

Educational-4ystems Corporation-
Stanford Bo-x_2995

SCatford, California 94305



p B List of Projects.,
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_

9. _Dr. -_-Richard E.
1*3-0-rotory Dire.e_t
sou thwes-t Regfonal ory-,for

Dev_elopTilent.

-113001.a Crenega_--BOnlevard
.ingtewood_, AC-all-fornia 903_04'_

. .

.- Robert -ft. 'walla-ger -7

Prograiili-_COO_Hi_nator
-VT-Rex id k o4al Ednta-tional-1abo

SLIREL

_ -1-640T

:711-
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C. Commercla3-

I.- Veils c_e
-Educationnl- Technology Department
13olr -Berati-ek_

Moulton- Street _

irTidge,-Mas a-di apt s '02138 (617) 4 1-185O
_ -i-
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_VOLUME IT - APPENDIX/C

ACTION PROGRAMS,POR PROFESSIONAL §OGIETIDS AND OTHER_GROUrS

i

-Discussions of the _contribution lo -_profeasionalsoci4iesr and other gruops to
effectitVe-d- 3 pmen.t-o _lomputer,, -uses were frequent,lduring_Project CLUE delib-
eration's; _Excerpts_--from--those--diatustiOnt-_-_have_--_been_ hroUght together in'-this

---_anpendix- for-the-Inforinatioii of-interestek__parsoria. Section= _4 of Appendix A, .---,-- _- _-- ___ __ __

--,------- -__Vcilumet=1 provides a _ saMpling__ of_ pregent activities_ and programs -within
- -- -- _--- -- __

professional-±_sOcieties-and:_rel-ated--_-gruOps-._-_ ._---___ -_ _ :-,

---_

---- --
= --The-- isfeadi--,and_r;!=tentati've_proposals-_-_put_ -forth shoUltr_be further devils:lied hy- A

-- -. _ -- ---_ _------- -- --- _

_role
__ _

_panel_iworking_E-groupor-i-spe'cial-,:- _e_ct-for-:whiOh the role of _the profesalonal
-_ ---- _- __.___ ..,;-____ ,- _-_

T -_society-,- as Oh--or ra a. _or-: Ooncern-.: _ .
i ,---- --:+-

uter=i

tess-cowsnen

et



II App C _Professional Societiea

Possible Action Programs

a. Journal Publication and Review of Computer -based Learning Materials

.o

guliWsation and _review of_computer-based leArning materials in jourdals serves
*

_many useful-purposea._ By,_bringing_ professional credit to_ the- author, 'the
publication encourages him ,to- giVei_ time:, to the -writing ,and maintaining of.

.14.1 `4- Ainstitutional programs. publish-lpg;-,6tly refereed- reports of materials avail-
important -; check _ant:VI:relevance is introdUced. Finally re-

__

potentialviewa-by n-qualifiet_persons_ffer eiusera___reliable information on-owhich

tom base- Of___-Materials_.

e

ust _as textbdoka do-.

em-ent to

r_eviewe

a-set-mat -rials as
be criticized

ves are neither
_some-common_probleMs

ematUre _evaluation Preoccu-

nation_ design and a
=

-a_ diatal failure.astatic_anctesa_

er 1970
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4 II App C -Profetsional Societies

Natters td which reviewers might pay particular attention are:,1) the extent to

which the, computer contributes to the- effectiveness of the learning materials;. . . .. , .
2) the rationale for the instructional strategy used, and J./ the translatability

of tffe exercise to other computer systems. Sampll guidelines which elaborate' , -
on-these and other points should be prepar9d.-;,

4, *
.

.
Some journals have recognized the need to disseminate information about compu-

t)

tet-based learning materials even to provide a, library of programs in compbter-
,

.--.
Physics,.'readable form, e.g; the American Journal of Physics. Its policy grew out of aI

_ _ c _ 4

I965soonferenCe sponsore-Vby ithe'=-ECobinissiori on -Cblie-ge:Phydics.
4

ectivene

eYthre



egional or national-libraries of computer prograMs and related documents pro-__
Vide a promising 4.4 ay in which to assist prospective users of computer-based
Materials in locating, !revigwin&-and selectkng those which might be useful for

eir needs., ,

.

Much a library s ould not attempt to ta-cover computer-based \learning materials-- ,

or more ,than one diacipline or profession_ (such as Chemistry or architecture)
. (73 1

lthough a wider (suchzas -the humanities) might be an appropriate
gginning it areas of few applications... .Some.

.
ave;,-als suggested that the

-..-- .
eegraphical region served stly _each Iihraryi, ould a so be restricted to

encourage site visits .whiett facilitate conection, conf2rmation and distribution
CI ,.....

1

, , , . -

of, effective and'releCiarft Matetialai_ -

Organizations _in several subject a-rrag re, already experimenting with such
e

seyices. EDUCOM's Eduction Information Network (EIN) illustrates a general
type of interinstitutiogal activity SIN has assembled a directory of programs
operating on university computing systems in a wide region. The important

contribution of_EIN wag_ to be_ the facilitation of. access bT,rranging computer
_ 47_ -

access and conienient-billing.. However, EIN_has not given particular attention
o--the prOblems of _fitting_ instrtictional_packages prepared _for one environment

-another one. Stich a- service-would7r-loire staff prepared tp assist in
oCumentation-and_maititenanCief---prOgrait",

o eet: L

-1/

December 1910

I. -App D System Design

During the middle Jf the last decade the most visible research and development

programs were directed by educational technologists, most of whom were not

also expert in computer technology and information systems. Even when the .1

,educational -research an materials develoVaeitt were of good quality, the

computer :4 as not well s d, and computer-assisted instruction (CAI) acquired

the r putation of an maginative, costly; -page- turning teaching machine.

4 I ha eI tried to assemble a sampling-of project reports which are suggestive

. of the contributions to be made by the nsightful enginee'r and teacher to

research and developMent ol-instructional use of computers.

.
`- Problems with 'CAI in the. First

.."
The dificulties encountered by -educational technologists using computers ,

A

in the last decade cart be charactered-by'-a brief analysis of the present

status of programming techniques for specifying instructional strategy.
The intriguing idea that the progr,amming of an automated instructional

procedure could be immediately accessible toaclassroom teacher o textbook

author without training in computer -use led to the preparation ofiumerous
"author ,languages'-' which were to bring-computer tutoring aids Into every

classroom-. == However the simple languages onp encouraged trivial uses, and

the, programming_ for any instructional "Strategy -other than the uninteresting

one the language designer hadTir-mind was found to be extremely tedious.
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- II App C Professional Societies
6

Another kind of service is provi. d by libraries and distabut systems set
up by various regional computing -ervices: Triangle Universities Computation
Center in North Carolina and Cooperative Venture 11n College Curriculum Develop-

-,

ment at the Illinois Institute of Technology for the Chicago area are notable
for their size and history ofservice. Many others (about: fifteen are supported
by the National Science-Foundation) have begun program libraries. In fact, he

success f su network operations presumes the existence of libraries rich in
program eleva to the. current needs of users.

Yet a third kind of JO nseitutional service is that exemplified by the
s,p'rogram file being assembled by staff' at the Northwest Region-al Educational

_Laboratory. As paKt of Project REACT the staff is soliciting material from as-, -
I. .many, sources as possible, revieoling and preparing abstracts to describe the

.,jthe essential features of the materiels and holittOTobtain them: The abstracts
are_ ~included =in reference _catalog which _is updated every few Months and

available on requeis The- cata.log is arranged by-clusters of subjects or
_ .

currfculum areas, and imtludes materials which focus on student-written programs
as well as =those which-use "canne -programs as = anrinstructi)onal device.

ng Vendors, Publishers, Authors, Users and Sponsors

widely_. computer,ba-setd_ learninge-xercises----are to beuted, improved methods
-of__documentation and._dissetniii-at-ion:are necessa=ry to trenslate_p-rograms- frog

one system_an educational_institution to another. One step toward better
distribution of materials may be conferences.of equipment manufacturers,

-authors ,__Publishers , end_ the, administrators and _users of coMputer-based _educe-
_ - =-; _ , _

' tional systems. --

_ s

The_ basis= -for dischssion:_at: such a _conference should be 'background_ papers
_ , -__- s-ii---- --_- ------- i--i=----=---_-_-i_-=;--s __ _--- _--'__--- -_,_-

prepared_rin_ advance to propose_standard _ practic- es for documentation_ of leo ning

exercise-s sand_-_aut-lining__vays-__ili which_ to encour- age making materials pre,parecl. - , w
or -on-e__-e-a_terk usab e-_oni others-. The papers might be preparsd by selecteA

=0
-9.

Project CLUE
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experts in the .field and reviewed by a sample of vendors, publis

before the conference.

-

and users

Participants in the conference shoUld,include.representatives of the publishers

7

and.. equipment manufacturers such as IBM', RCA, PhilcO-Fotd, Westinghouse, Univac,

Honeywell, Computer Curriculum Corporation, Random Rouse,. Harcourt 13race and

Javanovitch, McGraw-Hill, _and Science Research Associates, probably inviting no

more'than ten to participate in active discussion,. To facilitate this discus-
.

sion the number Of administrators and users of computer-based educational systems

might also be limited to about ten selected for their interest in promoting

transferability of mater=ials. .They, should represent different student levels

and topical -areas of edi.ication.- Other persons mould__attend as observers.

The conference would._ entourage Ueers to State their needs clearly, publishers
__ -_ state -:

state-,the__-requirements of==production an- d distr_ibution,And vendors to specify
. - - ---- :,-__- ----

_..:_t

h e-__iec o n_--om=._ic _-_an--,d,,.._t-- ec_ hn i c a---l-: rie-_ sitr a in-ts :on
. .

=f u. rt- h_e, r =_-:- s

c.-y,
s tem-------,. d eV__e-lopnent . A- s a

result- --new-diannels--for_continuing ac-tion among_ organizations and amongo-,ng

stablis

f

roglam enco.urage publieation an review, of_ learning

atedjactivities should support conference

al-=pro e-cte. Instructional use of

e important, or more so, to

Ieof Anfoimation aboutspecific materials and operations

_December 1970
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than -to 'invest in independent.:development projects. This should -in no

conflict with the essential -support for continuing research activity.

_

Agencies' might take amore active tole,in discouraging independent work which
is likely to duplicate work already in progress or completed-. In _part though

the conference activity proposed in the previous section in part through some
I

kind of clearinghottA,:la,--be established, it should:ske possible to be,appropri-
-- f_

ately selective in fundng-- o .!- new proiects.--.-Sb=me:-agenCies__ already-id ntify

project:proposals which -are independently_ conceived and would beexecluted at
--

the expense _uf -coordinated-work; _some ofithe_clues_rirer -failure to reference
- --_ _ __

the work of a similar nature by others;_ failure -to plan for the- effe tive
_
work _ __

-_ _-,---,_

dissemination _of findings from a-developmental or explcratory proje t; failure
- _: ,__=

to proVide for= the _exChari on"-gaing-work_ throughout --the project,
___-. ----- ._ _----

u port_

In light of _the,_advice_iocOnferen-de__activity and rdisco-urrige-_ind- ep naent and

--duplicating efforts.,.-2riponsOrang __ agencies__ Should, not overlook liti es for
exploiting _conimercial-interests arid_profit7making__Investnients In computer use

=in educat on ===A_Jaiimber J:If"theidemonstr rei_earth and div lopme-nt

.centers_inthe___un-iversittes__can_ now--be as__-ef ectively_ ac-cOiapiashe by-.operational

;_-2Projeots _w thin-=the private Some kinds hardw-are- deve /0-pi:gent, most of

--the__softwaricleve_ioptient, _much__of _the_puications activity, and other servicek_

_- func=tions_func=tions_ c a n _be a
_
e_ -

-r-__-_ -_-it_,-i--

Univ r_s t a n .
,sc hoo_L

-group sl_ and-non-tprofit_researCh, %eiterS continue- 651 Opin- i e w gr a d, explore far-
re chin --A mPliCatons- U-. terA--- e Oh---nt--i qu- es , 7 pursue res eara a d evaluative

.= studies_, _rin-dr_OtherWis-e- to_noVet &Weyer, -Should not

_ e_necessary__tosubsidize-t --butine_publication of computer-based_ learning.
_-_ __

weer -e-es-tililiShoierit :Of -libratiea_ 6- _ =ml teria etc. =, except at some

.f

_m rilma-lt7.-1ev:1-_to --con== ride the _priirate_-erioto tt e_ service _viable and
_-_-_r___ ------- - ---_ -4- --n;-;-_---__,--

-_-afits_---arri_poSs- _-_is -seen ial _ to su port e continuing . j

_reView-riC i--vities essional-p_eop,le'_-_in e-field.__,_This ads to the last ic
rir-_to---_,government-

. -
Project CLUE
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a

A _bilk ribbon panel on cornputer uses in e ucation should be established. One

br more professional societies might be involved; mote likely it would be
associated with the National Instituteof Education or Nafional.Academy of

.

Sciences. The functiokof one-dr more such panels would be to keep atwatchful
s--

eye _on the development oT the field, the raile of commercialxinterests, the
extent...to which institutional needs are being,met, the dis#1butioh of research

' o

9

and development monies from federal and foundation sources, etc. Representation

on such a panel should include the university QR&D centers, university and college
administratIons, Arkrinistrators in the public and non-public pre-college 'schools

....

and indivtdualh from non-profit and profit-making organizations likely' to inake
a pen:anal contribution to'deliberations of the panel. \

In.--each__ of the above considerations the sponsoring agency'-should 'recognize
_distiric_tion4 among __different kinds of effort regarding _compuer use in educe-

--"--,--===== ====- =--- =

t ion Different--sets of lahels_ha ve b een used-; therimportant point is not to
confu-seactivity__intended to develop :pew, knowledge with that intended to bring,

Setvi-ces_ into the sc heols_and basic research
should,notbe-_41ighted-__at _a_ztimewhen_emphasis_ placed on

t
Increasing _ operations, Furthermore, the developmental an-d eVifluat-ive _studies
shouirl not be ecpeteUtohand4 large nubesf studeiis inal1y, the
operational_iactivities_should_be_shifted_ to -permanent sources of funding to

_

= o

Nearly_ e_ ery-Troj_e_ct _newly_zengegeds_in _researchAnd deVelopnient in the area of

=coMpute in the i-nstruct-icinal process --begins withe review of what has been
AD --at else - -1-stAnsPrOtress-._ _Significant develbp_ments -in_ a_ dozen coun-

_

tr= -e_s- require =attention. Maintenance ---=of_ a_ current _,and comprehensive library
-=, - -_

-__Intet-nationaL_sc pe is _ler- bey_ondlthe,res-ources of individual projects for
_D--_

=-= -in terpre=tation.

s

Dec-ember 1970
-

-

=
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Functions of effective Information exchange should be assumed by international
organizations such as OECD, UNESCO and perhaps IFI.P. Only these kinds of
organizations can assemble the necessary talent for .selection and interpreta-
tion of the valitabie 'work. Increasing numbers of technical -reportN theoretical
papers, rese ch notes and opinion statements are being placed`in limited

_ :-circulation ach"

'Rim

Some information functions crossing tional boundaries shall be handled well
by publishers of inttfnationa teture -but they should provided sound' -

direction_ by some -grofiv of cprofessionals_;__ eventually most- information exchange

-function- s can beo-pladed-- on --a rpefing baSis, -but- initially some subsidy -is
necessary. Individual goVernments and funds should
support 7 IOWShipa- -n-terprefive -suntinaries':and.idoeument-ati-on-._ ,..nd-ili_i-dnal---

--_ ___--

1frojects-lwili -an e_ -of _documentation -_personnel of _partic41.ar
---- ----:---,i-1----::--=-- --:--- -: ---1_ -i_-----r_--_-_- -- ----- -----: v-Advaritegetd- :t e-intibfieiations-:=actiVity-l'_can be_ supported _by_-__--

_- _. ____- -c,_-u actintioet

documen one ---Should_nlan- -for excha4ge, of _information

tr_---one7-to-ene±-interchan-ge. Such__

ects_gan.1 individtfals about
research - program at anot- her site, or

_attendance. at- a=- conference.

-6-organized by OECD_ {March) and

-o
_

onferenCe, -wor- king_ groups

rough = fellowship_ programs_. _-Metiacniatis _for information
.

six_ ,headings,_ each with brief findiestion of
initiation_

tiOrte--Ann=action -__recommendations _Should be first

or an _annua

e-i-nekt _Meeting of an international_ glinning group

1

_-t

*_ Project C1,UE:
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assembled to organize mutually beneficial activities regarding instructional
use of computers; the U.S. Government and individual projects
full cooperation.

should give,

a. Library of research documents,
material desCriptions, etc., a
at least. =

TWO -optipns:are to-begin -witht

rojec_t= descriptions, instructional
available .in French and -English

1. Education ResOurce-and_information-Zenter ,(EXIC) in the-U.S.,
_especially- the Clearirighonde _on-- Ethicational_,_Media-- a ti-Stanford-
University,-_--collaborating s imilaia,LEuropean_ center _pro-'
v ding tran'

my project--whi6h has a
nature ==and1 no sitieS

ublishe- d on a = regular_ schedUle

istarte-

ewe e u-cational -Media_ (USA) .

ruct ona

new 11 6

ur=gent == liter
atri

on= nr a enty sponsoring the

Decetdier 1970
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d. Current awareness service, disEributing selectively to projects 'and
individuals according to interest profiles provided by them as users

,the service.

Three Aors will affect the-- success;-

.Prepa tion and effective Use of an expandable set of descriptors.

2. _Prompt and., reliable classification of _documents .

Reliable }data on useuse= and satisfaction with which to assess the
:improvement-Of the==system.._

artraTiWna--iTiifexchnnge- of -documents and materials (and-4;er-
-

directly projects or indiViduals.-

A central organization can facilitate_ interchange by providing: .

ividuals _ interest' profiles and

trips-_, especially

Conference Site

Ore-_=o_r-Ta terith-e17Conierence.

erica wail able_ th= roug1a Conference .site_visits-
onerenee_ oreitliolie_-;k-otate_among --intemstedii

otifeterice encourages new activities

cti CLUE-
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VOLUME - APPENDIX- D

f ,

PROJECT NOTES ON .COMPUTER SYSTEMS DESIGN FOR INSTRUCTIONAL USES
. *

-Many, working :papers On _compOter 1-anguageS and_systeme were prepared_--during
the project,-, most of themnfOr presentation==and diScussion at conferences

i

and _symposia. r1 ebeievdto _haVe=:-sotieIntereat- for _specialist:readers,
are described in this n a endfx hya__Summary: -or_ -detailed -table of contents.
When the source of the -full tOpy_,,:indicated_11- the -iefrencei is not convenient,
address inquiries to-:_thendireCtor_of=lrOject-cp.-

s appendix -4s7-included fr the _convenience f T-nreaders -intere
technical aspectswhich received attention -iduring-_, th-e project
-be -used al a tutorial _ on :totputer ==science-considerations, or a
of ,---comPbto.tr _stiende--COntributiOns,

--- I- --`-

rested itt
It should not

complete study

- Rt.

=

_ z _ _

CONT

=

mpnter System_ -r

L. Zinn, 5

flstruction oMputers

nn- 7

Janes Li Cdnklin

uter7Eased,-_ -/

: 7

-rson-_nt-
-an---

_

_:ad-a -ember 1970_

=

= I
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Technical -Conaiderations in the besign
E.N.-
Prepared for NCET Setinar on=-Computers
September -end for Project- CLUE_

An enimairation 'of- technical considerations at g the ctesign and
=

specification of a CAT =system. The ditacussion ia`in three parts: --first,
constraints that are external to the educational lapplidations, second

_

psychological --arid-_zpedagogirdati_deside atii' and=,__third f-some- o- the- major-

NERAI -INTRODUCTIO NSTBk.

ummunitatiOnme
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PROGRAM FEATURES

= Author languages

ftinctional capabilities

Pro ram preparation

content independent of code -

control localized and _free of content
answer, processing 'separate- frbm scoring

.

dontral =separate from learning tasks programs

differentiation of roles

Operational aides for

/ proctors
operators -

superviSing teachers
students
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Some _procedural-tanguage Elements- Useful in an Ina tructional Environment

Gordon -Lyon and Kart L: 'Zinn

INTRODUCTION
, ,

The instructional' environment demands of a-preigramming language .features
,:-

not easily satisfied-by, any- one implementation,- Some .us,,... ers .will programi- r_
instructional- modules = central to the sYsteinf these require efficient and, _

.
.

Probably_-_,reentiant- raachine-__code._- :Oh the other hand= a --student- may be asked

modify- =a program or write -.a =newmew one-- himself caSz part_ of an interac=tion;
_

-_ -in -case- an-, interpreter -p_rob-_,Ably__ serves be tter_ than a compiler Further

-_more-,- --the
executive_:system"ay:lisetUfiinder_rot_rRreclude- desirable- aletents,

such =_ass - general = classes off s . --

_

_Suc --a-:-variefy of equirementa forces- a

_ezts tin

fora-bY-P_;;_ltfieticalureP-

its t the- paradigm

I raented,, a
three are

-ektent -o_n 1 -,:cotrin-mo_
-e -,-- .

elateit pr2b_ably last) ---

___

NIRODUCT

Obt,OURAW,L=ANOUAGEt sINS=TRUCTION= ENVIRONMENT
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Statements and Modules

Procedures

Tasks, Parallelisms

Interrupts

Other-Points

Summary .-

THE LANGUAGES .1(PL/I,APL, CATO, BASIC; STRGCOMP)

IT App -D _System, Design

APPENDIX A: Some Requirements- in-Instructional Languages

APPENDIX B: Elements- from-a Hypothetical Instructlonil Language

APPENDIX C: A_ n Example of the Use of Macros

FERENCES

et, CLUE
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A Man-Machine Verapectiye on InstrUctional Use of Computers
!Carl L, Zinn

, 'EXCERPTS,
c. .-

--,

Four' atti,cle$
-- haVe- been brought together fcir this Transactions in an

-t
attempt to interest members- of the:Man!-M#hine -Systems -grup and other readers

in making some contribution to the effective -use of computers in the instruc-

tional process. //From a niimber t-pOssibilities-I ieleCted four which
T -_,_ff

together suggest the variety and the depth ,f man-machine _system contributions
'----.._

to=--computer uses in edUcation._ It is ass, i to Me_ that7iengineers bhobld,_be
. 1

interested_ in the probleths-of educatito A-179dcinorrtiCi, effectiveness and rele,-
. -._ -_-, ----- -

_ __

van ce ; -;perhaps-i these -four- repotts Will --aug e_e d,-.Tin demonstrating -that- they

------ -- -could-14e- -a -usefur-bontributibn -_ to_ _cOMptt t-'relate-d- instructional systems, _-_ __ __, --___ ,_ r.-5 :

-- ---- --- ---- --:' ---r- -1 ;- --f i--= ,__ _

and -le_arning: environments=._

have_notri_stried---to_rb--i-7--coMpnlete--iti =the _representation = of applitatiOns
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approximations and other extensions and additions to the instructional

programming languages have not eliminated'the difficulties.

The computer has been-singled out among educatio media for its-infinite

capability to branch, depending on the response a d individualcharacteristicr

d" '.ach student. However, selection among a few lternative frames of

information and questions prepared in detail in a Vance-does not=alave"Sufti-'

cient adaptability or economy to justify e computer role in cOntrol Of

audio-Visual media and stimulus sequences, except perhaps ir( situations where

students with high need will not otherwise receive attention, those culturally

.

distant from their teachers, and special,education students in sygtems where

indivfdual attention is not provided.

e._ _

language designers responded to the eXpressed need for facilities to better- -
_,

individualize _CAI by- adding to existing languages' statertlerits -whiCh access

bandmanipulate,-additional data such asferror rate, response latency, previous

performance and attitudes ures, butomost_af the effort was misplaced and

:_-_thersituation is not much improved for operational instruction aids in the

:_schools. The task -of the-author- planning substantial curriculum development

is till

-
is unreasonablewithin the constrainta of the instructionr-moAels

-ca languages,

-,Projeet:CLUE-- December 1970



10.

ST

II App D System. Design

,
-A-few'of,the projects based more in compAter science rather than in

educational psychology indicate the prospects for new techniques of

programming piocedurea and describing data bases of curricula which are more
.

powerful in the sense accomplishing more student hours ,of effective

instruction forthe same author investment.

'.-Research which is rather elaborate and usually quite costly is in progress

for which the general goal may be characterized as "humanizing the machine"

by making the conversation the learner has with the computer program more

_like one he might have_with a human tutor. Initial results of these expert-

ments4are encouraging__ not adequate to consider having practical operations
,

in the schools within the next ten-or twenty- years. Linguistic processing--
=

of Unconstrained English is costly -and produces only approximate results.

4--
AddingAnowIedgeto the Auto-Mated Tutor

_ -

The papers in this collection include two viewpoints on the preparation and

use of a-structured data..basemith generalized pro-edures_for generation of

instruction-and testing-matetial_or for responding to learner-formulated \

__questions. Generative procedures have_attracted the attention of educational

ir

--technologists because of-the fresh_protise-of_automatic construction of

- =

in tructional-programs tuned to -the current needs of-each individual learner.

_

-'--tGeneration is easy -and encouraging for highly - structured- subject matter, but

the-dynamic adjustments1r_or"tuning require comprehensiVe and inter-dependent

19-30 Project CLUE-
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information structur s, and some insight about,

11

uman learning and cognition,

at least as observed[within the pattiaular ea and topics Of instruction.

1

The papers of Wexler and-Carbonell pre ent in some detail two approaches to

putting some "knowle)dge" and "intelligence" into an automated tutor, and yet

_

4D,

leaving importan options about se of the information proloessing resources

I

;len includes his- interpretation of other

work in the "field, and the enerallicOntribution of artifiial intelligence,

research 6Computer as, stance fo instrucition»

in thie hands oft the student.

Both hors have-iscently cotplet d Subdtantial_dissert tions and-the

I-

reports included hererspeak for themselvea. ,Neither-of the two claim to have

I/
atool-nearready to put into operationAiCtheschools. Both are information

--_= -

scientists who are as interested in artificial-LL nee -And related

-/

technique
-,i=

research_ t pits as in educational :And practice. However, Carbonell
,.-./--

points ou that he uses huntan-tutorkng practice as af-?guide more than_ a goal, ,
. .

-

-/
--

/and at times he has been willing to leld the-generality deSiredby artificial_
,

/ - _

intelligence.researChersf4x the_ practicaliti_of student- machine communication.

-1--believe that the major Obstructions to transition. -from research to

-_application-in,Some_way-xelate:to-attempts to make-the computer respond as a

human- would _torwhatever alearnermayrwith,to say.
_ 3-

t

Deceriber 1970
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Perhaps an adjustment of goals for information-file-oriented and generative

-...efforts and a reapplication of techniques will sooner achieve some impressive

and potentially economic benefits for learning. `I, would like to see greater

attention given to" effective interaction between man and machine during the

Learning process: What should 'be done by each person involved, and what

should be done by the machine? I visualize a dynamic information system

which serves as aril, inEerface for a scholar and learner; could they share a
copputer-based, primary-source "textbook" which is being updated continually

by 'the scholar and annotated occasionally by each Student who uses it?

Serious students an'd conscientious university professors sometimes work

togetherrn an effe tive way when- a book is being prepared;'.this opportunity

could be extended to any student and instructor willing= to invest some

minimaleffort to us an innovative system. The institution of the col4ge

lecture has .been described-as "4141e least efficient means for getting partial
infOrmation from;the notes of the professor to,,the notes of t Student,

I
=

withont it passing through-the headd of either." The new style for
edticationai\institutions and student--professor relations suggests that a

-coramon -wor i7_ environment including the motes of the professor in addition

to various rmary sources of information would be quite welcbme.

In a _Simil-are w-ay-an_i automate-d_rinforrnation_ system could -help a learner and

=-- teacher share_ a =common*orking environment- for hypothesis testing, sometimes
=

--artificial as in_-computer simulation -of physical and social processes (e.g.,

7a- model -of evolUtiOn)-,--_--atid- sometimes tea _in---the sense -of actual data from
_

eiperimentS -(e.g.,:election--_=returna or -radiation-measures).

Automating -Tools_- for-the -_Human- Learner

Somerhave_ suggested-,that -the-be-st=way-'to-improve the_ contribution of computers
_,_--__

to J-nstruction =and _learning-.19- to increase the accessibility of information
Processing tools -for 'and_other _ users. A large_-number _of -projects,

most of them-not:Considered to_b_e-C-Al have -shown viable alterastives to

ecemb-er--1970_ -
Project CLUE
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strictly specified instructional strategies for computer use in the schools
today. I have included in this issue reports on two related projects which
together point out one of the major pedagogiproblems faced by those
introducing information processing tools for student use: monitoring student
use of the tools and determining when it is important to intervene to guide
their-use for more effective learning and later performance.

Feurzeig and others report on an effort to prepare a generalized technique
o

for processing a student's pro:grams and monitoring his progress toward
solution of a problem set for him. At .this stage of development the, lesson
designer is required to provide considerable detail about each individual.
problem. tiore generality can be achieved but at the expenseof automated
guidance in problem solution. In any case, the designer of -a learning

-- 4

exercise using this approach tries to exploit current system capabilities for
convenient use by students and teachers without extensive training in computer
programming.

Rosenberg and= others report .development of a syStem with a particular task
orientation. The aids to model construction provided by systems such as
Rosenberg s -ENPORT May facilitate learning for students of any .age Presumably

the notation, data structures_and_communitation devices are selected to serve
=

the particular subject-matter and age level. A language (or subsystem)

such -as ENPORT and its associatfid Material= should be reSponsive to learner
= =

initiative and encourage exploration of procedures.

_

=

gaming,__ information 4,r-ganization_ and -retrieval and other tools

facilitate the establishment of-e-livironments- for student "discovery" of
,concepts and procedures and should foster a general strategy of intellectual

. -

inquiry. To begin with very simple models and then increase learner-designer
initiative may bean important factor in the success for this mode of computer
use:

ect =CLUE- December 1970
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Roles for Man and Machine
At an education session of the 1970 Spring Joint Computer Conference,
Thompson, spoke with some enthusiasm for promoting inquiry and student discovery

in the instructional use of comptiters. He pointed out that in tutorial CAI
most of the preparation time is invested in guessing what errors, the students

are likely to make and preparing diagnostic materials. Thereby, materials

-_which take _over two thirds of the author' time to prepare may be seen by less
than one third of the learners, and then giily after they have been led to

making errors. 2

On the other hand, when using the computer for the facilitation of discovery,

-full attention is given to the positive development of course material,. The

conceptual systems that are characteristic of discovery aids can be = prepared

in a -rich -and enticing form thatf:facilitatesi the learning experience of the
=atudent and :reinforces :that:experience by_pro_viding a multitude of ,pathways-

,

a-__._

_-_-_ __ _____
-_ __-

for =se=lf- -exploration --and---iscOVery-, _-
__

The=-_ generative = systems=rzo- onel-I_ and -_Wekler-,-esp-eciallyi when 'used= in a

ques tion7aneWering_Japdez :and- =with -:an expansive _and =organized ififorniatidn,
_

proVide_- i-One- s tep,r around -_the prObiems_-faCed- y :tutorial CAI today _Given two

and, threedimendionaLrepreee- ntatiOna the-intern-al etructilres arranged for

--dirett_rViewing increased sophistication-of,:young
people regarding -= computers__ an- d infOrmatiOnlayatema, ==predict- an important

stage =of-iexploration=and:apPlitation-ofiman-ma n in teraction in education

-Lant:Vprogranicheprogram -6-flios-enb-erg__and Feurzeig-
especia- lly _the :le arner ef--well-,:informe-cl-about_the- tools` given -him -for

UseliEW eW --cede train tai,ip r6V-ide---ano ther- ,and-,pe ap aFtio-re mmed ate step

toward --;effective-- c_btapUter-use--_in-rEthe,achbois

rbject -CLUE-
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In all, my disappointment with instructional use of computers to date appears

to be attributable to a failure of most developeys-of CAI sysiens and learning

materials to assign to the machine those things it does belt for each human, -

learner at each moment, -and reserve for the human the things he does better

for himSeg.

Full copy of this editorial and four papers were published in ::
IEEE Tansactions on ManMachine Systens_December 1970.

eat ---De-cember 1970-'
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1.11iplications of on-line systems for-an introduction to; computer applications,
and programming
Karl 14. Zinn

Notes assenNed for a seminar on computer sciences in secondary education,
Center for Educational Research and Innovation, QECD
Paris, March 9-14, 1970 .

CONTENTS 4

OUTLINE- OF CONSIDERATIONS FOR INNOVATIVE DEVELOPMENTS

General Considerations
4

Interactive Mode Considerations
Categories of Specific Need

O

i --
13ACKROUND-S TATE ON IANGUAGES---FOR-PROORAMMIN? -IN 'INTERACTIVE '140DE

Availab1lty of = languages
,Des irable7e-a titre interactive

tens- er.=_Dis ciplroes
laitbf=S-anguages_-,-_-Incruding-- Sources' -for -Current ' Info rrnation

_

-=

OUTLINE,-OF_COTDERATIONSi- TOR INNOVATIVE_ DEVELOPMENTS

,coneiderationsl

age= impleteritationwithin a-,general-purpose
stem& rciug_i_to---:explore-Tna -ideas and

_xow =promise -_in preliminary use.
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i

C. In-an op rational setting, a subsystem, language/subset or applications

package m v be tuned to the needs of specific users; student,
instructor, and less -n designer each require a differ-int kind of

I .

support from he system and a different style of training. \

17

t
II. Interactive mode con deratior.3, especially for the infrequent user:.

. An immediate arid res onsive ,reply from the system will encourage

efficient -and effectiv- use.=

/B. = Rules and conventions should be easy to learn land -later recall when

working at the _rapid pace of conversationalAritetaction.

. A-Comfortable___dialogue Is -possible in -the Qom titer processot

neithe_t_7;_dorditiateSf_n eaves -the= -user dark.-__ _Me system-

-sihoulit-b_e=tenglin-eeteclso---_that -the. =user -cafirdo- _for-hiwell- things_ he
. ------- ------- ----7,z--;

_ =does -b e;6t,- t--h--:-an_ -t- h-
_1

e--_ m a
-_

c-- h in e _ -a_ n d
--_

t h e m a _ _- i- n-e ser=ves the- _-u- Ser in

its -area,--ofEstteri-ith=.__

-a--__wo -ing-_-:SeSSion will encourage= -a= user to

-citiare _d ifferent versiOns of _a s ibrou t i ne,fgave"

the-mos economical as wellt
,_-

terriates -=

ategcities-b =is

_ .
tivate; 'sequential

earching.-

s and lists.
=

name-table-sizes.

-tember 1970
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/
'Data representations:- arithmetic, logical,, string, pointer,

and-procedure. / ,

F. Definition and use .cf-spyilarroutines, or extensions: single-

or- multip le=iine definitions; parameters ; macro or subroutine;

,linkage -to other proces ors; subroutine call or operator or new

statement- type.

-G. Interrupts automat and= control3,.tection from unknown

gua ge _le atUre s ; other set condition.

H. Attess_anecontroLitreet7and7i4di

-

c statements; self-modification

program stat nts-; execution of any-string as a program statement;

examihation-cc -p-esent-:_state or hiS tory of execution; step .,control

xedution.

ect-CLUE
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Progratnning Languages and Operating Systems for Specific Instructional
Environments
Karl 1.,.. Zinc, James W. Conklin ;_fa

4.1

19

c.

_
SUMMARY A-

Desirable characteristics of environments for self-instruetion and student
research are listed with particular attention to the potential. contributions
of computers and procedure writing to each discipline. Experience with
computer use by teachers and students in various academic areas at the
University of Michigan is described briefly, to exemplify the general specifi-
cations . A set_ of features is proposed for a programmirig language and
operating system from which can readily be derived a,convenient programming
facility _. adapted :toach_C_r_ i dis cirl_ in e: an d -prO blem Practical nse Oithi-n a
pedagogical context_ to 13 rote -le-arning_and=sablarly_ work by students is a-

!--

..-
-i: -_--Primary_donsideration_ t roughosut..--

il I-. _ =-
---_ - -_,-__: iz-, -___

, Desirable feature- s of--:interactive problem - solxirliv-1 nments._

Part of the'_s_tictess of interaCtive,proiramming languages' such as JOSS and
.

BASIC can be expl- ained by the- ease -wh- ich thes0_ languages _are_ learned_.

and initially used.- --_=Much--_o-f---the_ advantage= could be achievedvith_ a similar

convenience available- readily_ th- roughirbatch-oriented__system of suitable
-time- for the learning _an- dpracticetaskf:_involved-._ -, --- _

The ;essent-i-ali contribution =of the interactive inn_ Ttio.ric must involve

responsiveness a: th-es_systemr_-_-__relevant re- action _ to__the efforts of the usc_r;
And promisiOns for _ettecittag-ing-effectiye:response_ of the-user to the system
ffort. _ Responsiveness of _a_;processor __during_ p_reparatimiland 'eXectitioh Of

a--program-=is_iir= key for the _casual:7,and infrequent-uffer to'unlock the__ special

_benefits:Jof_Eproc- edure_- writing:andFtesting_-=- -of..algorithms.-For example, the

occ:asional-*user--is well adVised-_to___try7-r.a= ew_ resion, an untested
procedure-, or new output: -format), -even__thou -_-only partly formulated,

1- ,
z-- _

--_-_DeCeMber 1970'
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and let the computer show him how muchcan hi._ piacessed- and what the resulth
might be. Furthermore the prqcessor Can "guess". at what the user intended,

-. .
begin executing the instructions, and accept ,an interruption and clarification

.1 . . . .
as soon as the user recognizes that the procedure should be changed.

On-line conversational use of Lomputers is almost Certai to be more costly
than less gleamorous means of'access to information process g aids, but the
cost is justified if the infreqUent computer user is able' to cagy an an
effective dialogue with the system. His attrtude toward caitiputer and their
uses in his-discipline may at times be- as -important as hiss particular
accomplishments with- -the specifid content skills to be learned.

Adding= limited=_ computational capability -ta an existing _coursewriting- \cannot belanguage as -helpful as adding- whatever "course writing" aids may \
:\be necessry for effective Mputer use ,to an existing computation-al language.

_

a
..__

co

A broad procedural base promotes:the Information-processing capabilities of
the computer_ (rather than the _coursewriter designer's conception of what an

-\ automated tutarial _ought to be), _the relevance- of _the, camputewto_ the discipline,
and the= s tudent access _ to the rograi-- underlAng the learning _exercise.

In most_ instructional-rsituations the teacher or the leasou_ designer would 'like
facility for_ opening_and _closing access_ to arious levels _of _use, arid perhaps__
to specifie,-feattres _-it ,each Far -ex _,-the-_student learning_ from

a campater7hased game__ak situation-1i cankb e Co 6_ 41n r Utinstructor_ when- sett in

_ a-nerseXer tudent._- e author can b ecome a_researcher
g

loring__models_t on_ which earning_games_ are .based. _ Even_ the applications
ogiaramer7Can= Vecome__a"s_ys-tems"---pragtammeri-7,11-flie- Can -move from the level of,

_--i-i- ------,---i-iil -=------=--------

__-

=----- --

_Ip_ro-graniairivin--fa-__-_given----_language- ;af new -language features.,-a-
- -- _.

item esi erie.aced-iprogrpmer -on the:basis_ of
_ _

on eat expert,- add- toithe_language those =statement types
the particulaineeils -oft_ the- The -subject expert should
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.
t ...

find this second-level notation convenient for building models and for
emt,edding thei in a suitable learning situation. The student user of this
system works at a third-level, interacting with the model at first only through
the abstract simulation as a management game to be-played. If the fegson
designer provides the student with a means to "unlock'! the features o'f the -

processor by Which the model_ may be maniW:ated' in simple ways, the.student,
--- I

may explore its paretars-antii3erhaps-arithmatic expressions and fogical
If 4

conditibns. The student then is permitted to move down \to the second
to desim entire models or simulated situations. Whenever the task-oriented
features of the language ,are not- adequate to the model_ building and: testing,r -

the experienFed programmer is again called in to 'extend thd;se- oaPabilities to
meat the needs of the =discipline-oriented users._

This---,conceptibn-can be represented-In_ -part by -an_ arrangement -o tic cessive

shells th_ permeable boundarlea.- _ The system' configuration'lies at the -centir.wi

of __the_ -sphere,-__-_and the system program-hats _armed it to make
_4sefuljfunctional -1.1apahilities_--accesr 4 .-1,-appl-ications..- Programmers. They

__
4n turn_ _v_o uce-_ the- routines-an.d___p_acka, procedures .Whicil _ provide' _conveniencc

ower forl7the---disciplite7Oriented user, who may_ then- adapt these task--_
I

e ±.-preceduree for-,bonvenient_7_us e by=- students in suiable-__pedagogicalr,

eontent --The! outer three or lour leVels_ -am the- ones, of siximary :coven in
_ thid __pa instructional _use;_ disd.i_pline7-related--;-packages, and applications

-iixidification of- the == procepSor and, -system Jeatures.

variety=_of instruction-al strategies, inteended_learning_ outcom &s
include-all the desired. aspects of

--
ituation in a single- language. More appropriately one waits*

-=-

e--necessa ding_laocks and the means _lox
individualize -=t.-iersions of -a processor-_ or package

ocess

of-)the,;_ .

thine:n- era e
September 2 -4\ 1.976.

Internatib --Conferpnce
Engineers , teddington,

DeCetaber :1970-
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Requirements for Progfamming Languages in Computer-Based instructional Systems'

Karl L. Zinn

Prepared_for a meeting on computers= in higher eduOation,
Center for Research and In4ructional-InnOvation, OECD
Paris, March ?9-21, 70

CONTENTS

INTRODUCTION-

Purposes
Audience
Sources of other interpretation-Ma-opinion

KINDS OF INSTRUCTIONAL PROGRAMMING'`

Organizing the 'content andpreparing-the procedures
Description of'successive frames-or items .',

Provision for conversation wiihin a limited context
Description of a standard _procediure-by which material is presented
SpeciPcation of an environment for pregramming and problem solving.

Relative-use of the four kinds....o.f_prograihmiug,

RECOMMENDATIONS

-Adapt-to-specific:Tuses and-Use:re
Exploit interactive mode.of-cOmputer use
Relate language maintenance-and:system operation to project goals

STATEMEN1S- OF POSITION OR POINT aiiIVIEW

Oantents of-this section in detail
Assdssment of a language and system-__:

0

General implicatiOns of -_a language for strategy 'f instruction
General consideration of nniVersility----
System limitations on larigusige

Design considerations t-

Interactive mode coritribtitions=5--1-Farner and author

REFERENCES ANNOTATIONS

GLOSSARY FOR COMPUTER USES IN DPCATION__

Deceez 1970 oject CLUE
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REFERENCES WITH ANNOTATIONS

Adams, E.N., "Reflections on the Design of a CAI Operating System,"

AFIPS Conference Proceedings, Vol.' 30, 1967 Spring Joint Computer Conference,

Thompson Bobks, (SJCC), pp. 41924". .

The problemi`which Adams had to work around in the IBM 7010 experimental

xsewriter are typical for CAI systems which used available equipment. Many

technical pioblems may be solved for instructional users'by following

developments in general-purpose systems.

The core-partitioning and disk-fetch problems discussed are alleviated in
.

a ,virtual -address environment. .Use of drum and relocation hardware are more

suitable than the swapping schema, mentioned.

He provides a useful analysis within, his context.

Bitzer, D., and Skapendas, "-Tile Design of. an Economically Viable Large-scale
ComptatibaseaTEdUcatiOn_System,"-UniVersity of-II/itois-Computer-based Ed.
Research tab, CERL Report No. X--5,'-also a Report to the Commission on

Instructional Technology, 1969.

The authors argue for economic viability of an instructional system. ,The

estimate of -ten man-years for the system-development is reasonable, and the

-"plasma" terminal upo'n'which all dreams test is rapidly approaching commercial

status.

c
Other aspects in the cost esthetes raise questions. For instance, will

authors &Just to writing computer instructional material? Scholarly books

\
and some texts provide_ prestige and profit, and usually fulfill the "palish -

or perish" dictum. Although some time-sharing services do install applications

programs and pay-the author a use - rental, and at least one professional journal

Project CLUE December 1970
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1 .1
is reviewing computer-based learning exercises, the area of ma 7ips and

--,
,

t.

+0

authorship is weak component of the Illinois plan applied elsewhere.
-,

\,,
_

A

Adams; E.N., "Technical Considerations in the Design-of. a CAI System,"

in the Proceedings of an NCET Seminar on Computers in Education held at

Leeds, England, September, 1969. -

A good tutorial for persons interested in instructional use of computers who

are not well informed about hardware and system.considerations, although a
ti

number of specialized terms are-left undefined. The document would be'a

useful. guide also if references were included for more detailed information

about' terminals and time sharing systems.

The author provides a useful organization and conceptualization of technical

considerations (for those who already know the content), e.g., terminal and

communication options;- separation of procedure and content; isolation of

control functions; generative techniques; and simulation.

Jthe_discussion_of_aystems is_liedk,_perhapt because software considerations

are only half based in-computer science and half in education. Mbre work

is needed to relate data 6bout hardware; point by point, .r.o the administrative,

psychological and instructional considerations.

4

Breed, L.M., and Lathwel 0.,.H.4 "The Implementation of APL/360," .

in Melvin Klerer, Juris R infelds (eds.)', Interactive Systems for Experimental

Applied Mathematics, Acade c Press, New York 1968, pp. 390-399.

Arl

This implementation was doneWi,th both the APL characteristics and the idea

of a dedicated_sYstem in-mind. The result has: 0

A) A supervisor which allocates-all Systgucresources according to a

single comprebensi4e strategy;

b) A system design influenced by "an, advance analysis) of APL user programs

\
(hopefully representative);

.

Dece er _1970
Project CLUE
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c) Reduced overhead in the language interpreter because of attention

to detail (via specialized programming techniques).

APL is easily interpreted in source form. Thus there is no translation to
-

\

a systactieally rearranged internal form; only a leXi,cal replacement is done
N

on the input. Run-time analysis uses transition state\diagrams, an, efficiente \,
top-to-bottom method. 1% 1

.

t.
-%

.,,...

A number of storage management and swapping tips are includecr,\as well as

short discussions on error recovery and system self-monitoring. Indirectly'

it supports the advice that system building is not for novices (such as most

CAI project directors are in computer science).

,

nivold, K.J., and Hughes, J.L., "A Multi-function Display System for
/Processing and Teaching," IFIP Congress 69, AMsterdam: Worth-Holland.

/
/
/

.
,

trimodal instructional-system p(author, student, or program) is proposed.

The article describes an implementation of the arrangement for an IBM 360"

Model 50 driving an IBM 2250 graphics terminal. ,Engvold's article is very

similar to an earlier one (CALM, Vol. 10, No. 16,py-339) describing a similar

system using an IBM 7040. The 2250 is flexible and fun, but ratlieriegpensive

and really more powerful than necessary. What use is 8K of independent

storage unless the student is doing very, very complex engineering graphics?

The display of Bitzer -would suffice for any of 'the authors' demonstrations,

and for most of/What they propose.

Frye, Charles/H., "CAI Languages: Capabilities and Applications,"

Defamation (Sept., 1968), Vol. 14, No 9, pp. 34 -37. Reprinted in Richard

C. Atkinso. and H.A. Wilson --(eds.) Computer Assisted Instruction: A Book of

Readings, AcademiC;Press, 1969.

Frye classifies languages used for instru9tion as: 1) conventional compiler

languages, 2) modified conventional languates, 3) interactive languages,

and 4) Special instructional author-languages. ) '

,PrOject-CLUE December 1970-
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k

Using these language categories the author considers: 1) user orientation,

2)_lesson handling, 3) record handling, 4) conditional branching, 5) answer

matching service routines, 6)ctulation features, and 7) communication

devices.

Some-of the information is Misleading and the general discussion is not

supported by specifics but is nevertheless useful. Consideration of general-

purpose along with special-purpose instructional languages is important.

More could-be made about some truly essential or primitive eatures found

in many CAI langu'ages.

Frye suggests that instructional author-languages arose because standard

pro ramping languages were too difficult to use and experienced programing

help was-too expensive. He should also recognize that although the prospective

'author-need not learn as much to use a specific instructional language, he

will not find it .Isy to,deviate much from those programming styles and

learning tasks which originally inspired the language.

P-urthermore,.new techniques for extending general-purpose languages_(or

generating special adaptations} will make relevant computer-capabilities

more accessible to non - specialists, among them the designer o? computer-based

lessons..

Glass,R..L., "An Elementary Discussion of Compi.Leranterprefer Writing,"
,Computing Surveys, (Mardi 1969) Vol.-1, No. 1, pp. 55-77.

Elementary techniques-are discugsea for the translation of programming

languages. Detailed discussion centers around aPL/1 interpreter which the

author uses for an, example.

A good annotated bibliography follows the article.

DateMber 1970 Project CLUE
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/

Johnson; B.F., "Design o an Operating System for the Control of Student

Terminals in a Computer- ased Instruction System," IFIP Congress '68,

Amsterdam: North-Holland.

27

The RCA project described is quite straightforward technically. The use of

re-entrant teaching programa is a good feature, and quite common for imple-

tentation of system programs; the teaching strategies are treated as system

programs in the RCA system.

A background job stream should use residue CPU time and-various other modes

of computer use sboul&be encouraged by additional facility. The system is -'

rather narrowly'conceived but well executed. It did have to be redone to get

it,running in the NYC schools the next year;- current documentation is avail-
-%

able from RCA, and user opinion from schools in NYC and Pontiac, Michigan.

Lyon, Gordon and Zinn, Karl L., Some procedural language elements Useful in,
an instructional environment," in the Proceedings of an 10ET Seminar on-

Computers_in Education=held at Leeds, England, September 1969.

This paper attempts to attack the instructional languagga robiem on the

following fronts: A) Given reasonable demands, what ogramming language

primitives adequately meet the requirements? 13)- How are the language

features (or primitiAs) iefltcted in contemporary languages?

Suitable language primitives_are discussed as parts of some general-purpose

language. If the,danguage will be used in i nt eractive mode,-some parts must

be implemented as an interpreter to allow tha-very late binding times needed
. _

for flexibility.

If viewed as an attempt to cast light on procedural features in instructional

computing, the -paper may Succeed. However, the hypothetical programming

language-described should not-he taken-very seriously. It is "cumbersome,

vague, and patchwork; at best a-sketch, certainly not a blueprint," as
-

viewed by-the authors.

-*-

December 1970
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Morton, m.q.s., and Zannetos, Z.S., "Efforts Toward an Associative Learning
/Instructional System," IFIP Congress '68, Amsterda,: North-Holland.

? -

The authors propose a computer-driven interactive terminal linked to an asso-

ciative memory with flexible search proeedures to solve: a) lack of integrated

instruction materiel; b) the inflexible pacing and sequencing of students:

Postulated charactertistics of the systei include semantic content association

and ldarning (via pattern matching and adaptive characteristics).

The semantic memory has been programmed in such simplified form. An account -

ing course provided material formal enough SQ that keyword searching provided

adequate "pattern Matching". Pointers in the associative structures linked

to other key words, thus providing rudimentary inferential powers.

The authors propose that- 'semantic content, pattern recognition, adaptability

-(and, in addition hardware flexibility) are the basic components of

instructional teaching.. An exhaustive tenting of the prototype may provide

some indication, 4rhaps encouraging an implementation which comes closer to

testing the authors' hypothesis.

Tonge, "Desig of a Programming IaAguage and System for Computer
Assisted Learning," IP Congress '68, Amsterdam; North Holland.

This is amen balanced summary of a system which became only

operable at the University-of California at Irvine. The view of early CA1

languages ae "five years behind the state of the programming art" rings true.

The seoticiln=on the requirements of the-UC Irvine system-is edifying, and

some postscript on :continuing problems wouldhe-nagful-

Tonik, Albert B., "Development of ...xecutive Routives,_Both Hardware and
Software," AFIPS, FallJoint-Comput r Conference, Vo. 33, pp-. 395-408,
Thompson Books, Washingtn4:D.C.

DeceMber 1970 Project CLUE
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This tutorial expands from an elementary executive to a'rather complex one.

Topics include: simple executive, multiprogramming, paging, and multi-'

processors.

In addition to the main article, there is a chronologically ordered biblio-

graphy with articico dating from 1948.

Zirn. Karl L. "A comparative study of languages'for programming interactive
use of computers in instruction," Final report under ONR contract N00014-
68 -C -0256 (Feb. 1969), EDUCOM, 100 Charles River Plaza, Bestom Mass.,

02114. 1969.

This report was preceded by the author's two other entries,in this

graphy which are more available. It includes much of the detail promised

lin the othe*i' two: examples_of actual code, summaries of languages, a

discussion on- interactive languageS, a glossary of terms, aspects for a

system_taxonomy, and documentation _guidelines.'

I

More interpretable and directly useful work is in preparation in connection
7-

with Project CLUE.
z

::2
_Zinn, Karl L.--"Programming conversational -use. of computers for in:ru t:::"
Proceedings of the- 1968 ACM_National Conference, Brandon/Systems P e
Princeton,-N.J.,,08540,--1968;

. .

From the 30 or so available languages for conversational instruction only

3 or 4 really different kinds -have appeared. The author suggests: 1)

successive-frame, 2) limited-context conversation, 3)_presentation of a

curriculum file by a standard procedure, and 4} data analysis and file

editing. .

Pour types of users are considered. instructors, authors of instructional

strategies, instructional researchers and programmers and systems people.

o

p

Project CLUE December 1970
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Further discussion explores languages in a general-purpose,time-sharing

environment. Extendibility is mentioned. The article concludes by comparing

two low-cost extended languages (FOIL and FORFIT) and two standard languages

for conversational instruction (COURSEWRITER and PLANIT)

Zinn, Karl L., "Languages for programming conver ational-dse of computers
in instruction," IFIP Congress 1968, Amsterdam: \North Holland.

An outline-of a comparative study of existing langu ages (then in progress)

with tentative suggestions'for improvements. RecomMendations are derived

from comments by authors of materiels for various syatems. The author also

describes languages under development for a generil-PUrpose system at the.

University of Michigan (IBM-360/67 using the Michigan Terminal System).

Zinn, Karl L.,-"Iristructional programming languages; A five-year

perspective," Educational Technology, -March 1970.

Transcript of a presentation_made at AERA'in February 1969, this paper

criticizes present languages and techniques for frame-oriented instructional

programming an suggests new approaches to achieve effective and economical

instruction by-computer in the tutorial mode. The author recommends problem

solving and procedure-writing uses for now.because of economy and greatei

accessibility by individuals and smaller institutions:. Some of-the conclusions

have been incorporated in the. background statement prepared by the.OECD-CERI

IP

meeting.

c.
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